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The potential of real-time biospecific interaction 
analysis technology for applications in molecular biol- 
ogy is described. DNA fragments are immobilized onto 
a biosensor surface using the high- affinity streptavi- 
din-biotin system and subsequently used to monitor 
different unit operations in molecular biology, e.g., 
DNA strand separation, DNA hybridization kinetics, 
and enzymatic modifications. A model system compris- 
ing six oligonucleotides was used, which can be assem- 
bled into a 69-bp double-stranded DNA fragment. Us- 
ing this system, the biosensor approach was employed 
to analyze multistep solid-phase gene assembly and the 
performance of different enzymes routinely used for 
the synthesis and manipulation of DNA. In addition, a 
concept for the determination of single-point mutations 
in DNA samples is described. « 1995 Academic press, inc. 



Recent development in instrumentation for biospe- 
cific interaction analysis (BIA) 2 using biosensor technol- 
ogy has made it possible to monitor biological events in 
real-time (1). The biosensor used in this study is based 
on surface plasmon resonance (SPR) for detection of 
changes in refractive index over time at a sensor surface 
(1,2). These changes are proportional to the mass of mol- 
ecules bound to the surface and are shown in a so-called 
sensorgram as resonance units (RU) over time. From the 
results, stoichiometric and kinetic data for the interac- 
tion can be determined (3). BIA has to date been used 
primarily for the study of different types of protein-pro- 
tein interactions, e.g., antibody-antigen recognition (3), 
but also to some extent for DNA-protein interactions 
(4,5) and DNA-DNA hybridizations (6). 

1 To whom correspondence should be addressed. Fax: +46 8 245452. 

2 Abbreviations used: BIA, biospecific interaction analysis; SPR, 
surface plasmon resonance; RU, resonance units; SDS, sodium dode- 
cyl sulfate; PCR, polymerase chain reaction. 



In this work, we have investigated the extension of 
this technology into molecular biology applications for 
the analysis of basic DNA-related techniques such as hy- 
bridization and DNA strand separation as well as tech- 
niques including enzymatic action, such as ligation, en- 
donuclease cleavage, and DNA synthesis. The potential 
of this tool is shown for the analysis of different types of 
such operations. In addition, a concept for real -time 
DNA minisequencing is described. 

MATERIALS AND METHODS 

Oligonucleotides 

Six oligonucleotides, designed for assembly into a 69- 
bp fragment (Fig. 1 ), were synthesized on an automated 
DNA synthesizer (Gene Assembler Plus, Pharmacia 
Biotech) according to the manufacturer's recommenda- 
tions. The oligonucleotides were purified using an FPLC 
pepRPC5/5 column (Pharmacia Biotech) (7). Phos- 
phorylation was performed according to Sambrook et al 
(8), where indicated. Oligonucleotides 1 and 6 were syn- 
thesized both with and without a 5' biotin group using 
biotin-phosphoramidite (Clontech), for use in different 
experiments. 

Biosensor Instrument 

A BIAcore instrument (Pharmacia Biosensor) was 
used in all experiments. Sensor chips SA5 (research 
grade), precoated with approximately 4000 RU [1000 
RU corresponds to approximately 1 ng/mm 2 (1)] of 
streptavidin, were from Pharmacia Biosensor. Before 
use in experiments, the sensor chips were treated with 
several (five to six) pulses of 50 mM sodium hydroxide to 
precondition the surface (corresponding to a decrease of 
approximately 500 RU). The experiments were per- 
formed at a temperature of 25°C. The flow rate was 2 p\f 
min, except for the cleavage experiment where 1 fi\/min 
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was used. The running buffer was IX HBS [10 raM 
Hepes, pH 7.4, 0.15 M NaCl, 3.4 mM EDTA, and 0.05% 
Surfactant P20 (Pharmacia Biosensor)]. 

Gene Assembly 

The capturing of the 5'-biotiny lated oligonucleotide 1 
to the streptavidin surface was performed in HBS with 
0.3 M NaCl, by an injection of 30 fi\ (2 pmol/^l). Subse- 
quently, 30 jxl of oligonucleotide 2 was injected at 2 and 
4 pmol/jil. Oligonucleotides 3/4 (4 was nonphosphory- 
lated) and 5/6 were pairwise prehybridized to create the 
double-stranded middle and outer fragments used for li- 
gation. Each oligonucleotide was first heated to 70°C and 
then mixed stoichiometrically with the complementary 
oligonucleotide followed by slow cooling to room tem- 
perature. For ligations, 40 /il of the fragments was in- 
jected at concentrations of 2 pmol//xl, respectively, in 
One Phor-All-Buffer Plus, Pharmacia Biotech (10 mM 
Tris-acetate, pH 7.5, 10 mM magnesium acetate, 50 mM 
potassium acetate) supplemented with ATP and T4 
DNA ligase (Pharmacia Biotech) to final concentrations 
of 1 mM and 0.1 Weiss U/jil, respectively. After each li- 
gation step, 8 ^il of 0.05% sodium dodecyl sulfate (SDS) 
was injected to remove accumulated ligase from the sur- 
face. For strand-specific elution of the nonbiotinylated 
strand in the assembled DNA fragment, 8 of 50 mM 
sodium hydroxide was used. As control, an injection of a 
noncomplementary fragment (oligonucleotides 5/6) to- 
gether with T4 DNA ligase over a surface containing the 
immobilized 1/2 oligonucleotide pair was performed. 

Hybridization Kinetics 

In a series of subsequent experiments, three 20-jil 
pulses, respectively, of oligonucleotides 4 and 6 (0.5, 1, 
and 2 pmo\/n\) were injected over a sensor surface with 
810 RU of 69-nt single -stranded DNA obtained from a 
gene assembly experiment. The hybridization template 
was regenerated for each cycle by injection of an 8-^1 
pulse of 50 mM sodium hydroxide. 

DNA Synthesis 

DNA polymerase I (Klenow fragment, Boehringer- 
Mannheim) or T7 DNA polymerase (Pharmacia Biotech) 
was injected (10 pi) at concentrations of 0.05 U///1 in an 
extension buffer (28 mM Tris-HCl, pH 7.2, 30 mM citric 
acid, 10 mM MgCl 2 , 32 mM dithiothreitol, 4 mM MnCl 2 ), 
supplemented with all four dNTPs to final concentrations 
of 0.2 mM. The substrates for the extensions were prepared 
by injections of 20 pi (2 pmol//il) of the outer oligonucleo- 
tide 6 over a sensor surface with 810 RU of 69-nt single- 
stranded DNA, obtained from a gene assembly experi- 
ment. These injections resulted in the hybridization of oli- 
gonucleotide 6, which served as primer for the extensions. 



The single-stranded DNA was regenerated between the 
runs with 8 pi of 50 mM sodium hydroxide, to elute ex- 
tended primers. Injections of SDS (0.05%) were used to 
dissociate the enzyme from surface -bound DNA, prior to 
the strand separation with alkali. 

Cleavage with Endonuclease 

A substrate for endonuclease cleavage on the sensor 
surface was prepared by first injecting 20 pi of oligonu- 
cleotide 6 (2 pmol/pl) over approximately 760 RU of full- 
length (69 nt) single-stranded DNA, obtained from a 
gene assembly experiment. This resulted in 250 RU of 
annealed primer. After extension, using Klenow poly- 
merase and dNTPs, the signal increased by 430 RU, re- 
sulting in a calculated amount of 1310 RU of double- 
stranded DNA to serve as endonuclease substrate. A 
45-pl injection (1 pl/min) of the endonuclease Xhol 
(Pharmacia Biotech) at a concentration of 0.6 U/pl in 10 
mM Tris-HCl, pH 7.5, 0.15 M NaCl, 10 mM MgCl 2 , and 
0.1 pg/pl bovine serum albumin was made over the sen- 
sor surface for cleavage at the recognition sequence po- 
sitioned 16-21 nucleotides from the biotinylated end of 
the double- stranded DNA fragment. After cleavage, 8 pi 
of 0.05% SDS was injected to remove eventually accu- 
mulated enzyme from the surface. 

DNA Minisequencing 

A single-stranded template for DNA minisequencing 
was prepared by a first assembly of the 69-bp model 
DNA, initiated by the capture of 5'-biotinylated oligonu- 
cleotide 6 on a prewashed streptavidin sensor chip (SA5, 
Pharmacia Biosensor) (data not shown). For elution of 
the nonbiotinylated complementary DNA strands and 
regeneration of the templates between each cycle of se- 
quencing, an injection of 8 pi of 50 mM sodium hydroxide 
was performed. Each cycle was initiated by an injection 
(20 pi) of nonbiotinylated oligonucleotide 1 [0.5 pmol/ 
pi] for hybridization and use as primers for the exten- 
sion. In each of the four runs, a 10-pl pulse of 0.05 U/pi 
Klenow DNA polymerase together with one of the four 
dideoxynucleotides ddATP/ddTTP/ddCTP/ddGTP (1 
pM) in extension buffer (see above) was injected for 
eventual incorporation and chain termination. SDS (8 
pi, 0.05%) was injected after each enzymatic step. The 
extensions were performed as described above. 

RESULTS 

The Model System 

To analyze different molecular biology techniques in a 
quantitative and kinetic manner using real-time BIA, a 
model system comprising six oligonucleotides was de- 
signed. These oligonucleotides outlined in Fig. 1 can be 
assembled into a 69-bp double-stranded DNA fragment 
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1 (25nt) 3( 18nt) 5(26nt) 

5 ' -Biotin- CGCCGGATGACCTCC CTCGAG ACAA CGTCGTGACTGGGAAAAC CCTCACACAACATACGAGCCGGAAGC -3 ' 
3 * - GCGGCCTACTGGAC GGAGCTC T GTTGC AGC AC TGACCC TTTTGGGA GTGTGTTGTATGCTCGGCCTTCG -5 ' 
Xho I A a 

2(22nt) T 4(24nf) S(23nt) 

FIG. 1 . Sequences, lengths, and relations of the synthetic oligonucleotides. For simplicity the oligonucleotides are denoted 1 through 6. The 
three subfragments can be assembled into a 69-bp double- stranded DNA fragment via the 3-nt protrusion ends. The G in oligonucleotide 4 
marked with an arrow indicates the nucleotide determined in the minisequencing protocol, in which a 5'-biotinylated version of oligonucleotide 
6 was used. ' 



from three smaller fragments with overlapping protru- 
sions. The experiments were monitored in real -time 
using biosensor technology adapted for streptavidin- 
biotin chemistry. The oligonucleotides were used in 
different combinations in a number of separate experi- 
ments which are described below. 

Gene Assembly 

As outlined in Figs. 2A-2E, a series of experiments 
was performed to monitor the assembly of a 69-bp DNA 
fragment in a stepwise manner using the sensor chip sur- 
face as a solid-phase anchor. To obtain an efficient and 
robust capture of the first DNA segment onto the sensor 
chip, the well-documented streptavidin-biotin interac- 
tion with aKd- 10~ 15 M (9) was employed. A prewashed 
sensor chip SA5 containing approximately 3500 RU of 
covalently coupled streptavidin was used to capture 5'- 
biotinylated oligonucleotides (Fig. 2A) t injected over the 
surface. The result shows that the capture of this oligo- 



nucleotide (Fig. 3A) is rapid and a steady level is quickly 
reached. The amount bound (1400 RU) corresponds to a 
stoichiometry of 2.9 bound oligonucleotides {M, - 8.3 
kDa) per tetramer of streptavidin (M r = 60 kDa, for the 
tetramer), which theoretically can bind four biotin mol- 
ecules. This shows that a good accessibility to the bind- 
ing sites of streptavidin is achieved in the immobiliza- 
tion. Injections with a twofold higher concentration of 
the oligonucleotide did not increase the uptake (data not 
shown), indicating a saturation of the streptavidin sur- 
face. The captured single-stranded biotinylated 25-mers 
were subsequently used for the annealing of the comple- 
mentary strand (Fig. 2B). Oligonucleotide 2 was injected 
and the uptake was registered. As can be seen in the first 
part of the injection in the resulting sensorgram (Fig. 
3B), the binding of this interaction is slower than that 
for the streptavidin-biotin interaction. The increase in 
response (760 RU) corresponds to an apparent efficiency 
in this step of 64%. Injections with higher concentra- 
tions of the oligonucleotide did not result in higher sig- 
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nals (data not shown). No detectable binding was seen 
from injections with a noncomplementary oligonucleo- 
tide (data not shown), indicating that the observed an- 
nealing was specific. 

To continue the assembly of the DNA fragment, oli- 
gonucleotides 4 (nonphosphorylated) and 3 were prehy- 
bridized and subsequently injected over the surface. This 
fragment contains a 3-nt protrusion which is comple- 
mentary to the sequence present at the free end of the 
immobilized fragment, consisting of oligonucleotides 1 
and 2. No increase in the signal was observed when the 
injection was performed without DNA ligase (data not 
shown). In contrast, when injecting the fragment with 
the addition of T4 DNA ligase (Fig. 2C), a significant 
binding was recorded by the real-time analysis (Fig. 3C). 
This shows that the binding via the overlapping region 
of 3 bp is not sufficient for the formation of stable non- 
covalent complexes at this temperature (25°C), but the 
DNA ligase allows a transient interaction followed by 
covalent attachment. The shape of the curve observed 
during the injection of the DNA/ligase mixture indicates 
a biphasic reaction (Fig. 3C). The gradual increase of the 
signal, at the end of the injection pulse, also suggests 
that the equilibrium is not reached during the injection 
period (20 min). A subsequent injection of SDS washing 
solution resulted in a 200- RU drop in response (Fig. 3, C 



and D), demonstrating the necessity to eliminate back- 
ground response from T4 DNA ligase attached to the 
DNA for correct evaluation of the result. A single injec- 
tion of the SDS solution was sufficient, since repeated 
injections did not further affect the signal (data not 
shown). From the analysis, a net response of 930 RU was 
calculated, corresponding to a ligation efficiency of 64% 
(930/1450). In a control experiment, in which a frag- 
ment containing a noncomplementary protrusion was 
injected together with T4 DNA ligase, no change in the 
signal was observed (Fig. 3, inset). 

A second ligation step, completing the assembly, was 
performed using prehybridized oligonucleotides 5 and 6 
(Fig. 2D). Note that oligonucleotide 4 lacks a 5'-phos- 
phate group and ligation can therefore only occur on one 
of the strands. A plateau value was reached after approx- 
imately 13 min (Fig. 3D), suggesting that this ligation 
step reaches equilibrium more rapidly than the previous 
ligation (Fig. 3C). Interestingly, the shape of the curve 
indicates that this ligation is not a biphasic event. This 
might be explained by the absence of a 5'-phosphate 
group in oligonucleotide 4, resulting in the formation of 
a single phosphodiester bond per fragment, rather than 
two in the preceding ligation. The efficiency of this sec- 
ond ligation step, calculated from the response after the 
SDS washing (680 RU) was 63%. The assembly was fol- 
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FIG. 4, An overlay plot of sensorgrams from the hybridization ex- 
periment. Oligonucleotides 4 and 6 were hybridized onto an immobi- 
lized single-stranded DNA template as outlined in the legend to Fig. 
2F (see text for details). 



lowed by strand-specific elution of the nonbiotinylated 
strand (Fig. 2E). A short pulse of alkali resulted in a sig- 
nificant decrease in the signal (Fig. 3E). The amount 
released (1780 RU) suggests efficient release of the non- 
immobilized strand. The amount of full-length single- 
stranded DNA present on the surface after this alkali 
pulse is approximately 970 RU. Note that the eluted 
DNA consist of two separate fragments, due to the ab- 
sence of a phosphate group in oligonucleotide 4. 

Hybridization Kinetics 

To analyze the influence of the relative distance from 
the streptavidin/dextran surface on the hybridization 
kinetics, the hybridization of two oligonucleotides com- 
plementary to different regions of an immobilized DNA 
strand was studied (Fig. 2F). Equimolar amounts of oli- 
gonucleotides 4 and 6, respectively, were injected sepa- 
rately over immobilized single -stranded DNA obtained 
from a gene assembly experiment. An overlay plot of the 
resulting sensorgrams shows a clear difference in the hy- 
bridization rate of the two oligonucleotides (Fig. 4). In- 
terestingly, oligonucleotide 6, hybridizing to the se- 
quence localized in the 3 '-end (outermost sequence) of 
the immobilized single -stranded DNA, shows the fastest 
binding kinetics. The hybridization of the corresponding 
oligonucleotide to the middle sequence, oligonucleotide 
4, shows a slower rate. This indicates that there are fac- 
tors (i.e., sterical or electrostatic) influencing the hybrid- 
ization, which might correlate to the relative position of 
annealing on an immobilized single-stranded DNA frag- 
ment. The dissociation (off-rate) of the hybridized oligo- 
nucleotides from the immobilized DNA is slow for both 
oligonucleotides (Fig. 4), regardless of the relative an- 
nealing position. Therefore, the difference in annealing 
kinetics is related only to the on- rate of the interaction, 
since the rate of annealing is dependent on both the on- 
and off- rates. The observed amounts of hybridized oligo- 
nucleotides corresponded to an apparent saturation of 
the template at the different positions, since injections 



with lower concentrations resulted in the same steady- 
state values (data not shown). For the outermost posi- 
tion (oligonucleotide 6), a maximum hybridization of 
98% of the theoretical value was achieved, whereas for 
the middle position (oligonucleotide 4), the value was 
lower (84%). This further shows a dependency in the hy- 
bridization of factors related to the relative distance 
from the anchoring biotin. 

DNA Synthesis 

The results from the gene assembly experiment show 
that an enzymatic action upon DNA can be monitored 
with real-time BIA, using standard flow rates and injec- 
tion volumes. To investigate if the performance of other 
nucleic acid- modifying enzymes could also be monitored 
using BIA, the polymerase activities of T7 DNA poly- 
merase and DNA polymerase I (Klenow fragment) were 
investigated. To prepare suitable substrates for both of 
these primer-dependent enzymes oligonucleotide 6 was 
hybridized to t he 3 '-end of the immobilized 69-nt single- 
stranded DNA (Fig. 5A-I). After injection of T7 DNA 
polymerase in a buffer containing dNTPs (Fig. 5A-II), a 
gradual increase of the signal was seen during the entire 
sample pulse. In the following flow of running buffer, a 
slow dissociation from the surface was observed (Fig. 
5B-II). A subsequent pulse of SDS solution resulted in a 
further decrease to a stable value (Fig. 5B), which was 
not changed by further injections. In a control experi- 
ment, in which T7 DNA polymerase was injected over a 
plain streptavidin surface, no interaction was observed 
(data not shown), indicating that the previous interac- 
tion was DNA dependent. When T7 DNA polymerase 
was injected over the single-stranded DN A/primer sub- 
strate, without nucleotides present in the buffer, a grad- 
ual accumulation was seen, but with no increase of the 
signal after SDS washing (data not shown). Therefore, 
the gradual increase of the signal seen during the entire 
pulse of T7 DNA polymerase in the extension experi- 
ment can be interpreted as a sum of signals from exten- 
sion and accumulation of T7 DNA polymerase on the 
DNA. The resulting SPR response corresponds to a near 
complete extension of all the hybridized primers. A final 
injection of alkali results in a decrease of approximately 
680 RU, which correlates well with a complete release of 
the "second- strand" DNA made up from extended prim- 
ers (Fig. 5B-III). 

In a subsequent study, DNA polymerase I (Klenow 
fragment) was analyzed using the same experimental 
setup. For this polymerase, a gradual increase of the RU 
signal was seen only during the first minute of injection, 
after which the signal rapidly declines to a steady pla- 
teau value (Fig. 5C-II). In the following flow of running 
buffer, no significant decline was seen and the subse- 
quent SDS pulse only resulted in a minor decrease of the 
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FIG. 5. Sensorgram from the DNA synthesis experiment. The DNA polymerase activities of T7 DNA polymerase and Escherichia coli DNA 
polymerase I (Klenow fragment) were investigated in real-time in a primer extension experiment. (A) Schematic overview of the steps in the 
experiment; (B) sensorgram obtained from the experiment using T7 DNA polymerase; (C) sensorgram obtained from the experiment using 
DNA polymerase I (Klenow fragment); see text for details. 



signal (Fig. 5C). Also in this case, the resulting signal 
decrease after the final alkali injection corresponds to 
a complete release of the second-strand DNA, obtained 
from an extension of the hybridized primers (approxi- 
mately 680 RU). The complete dissociation from the im- 
mobilized templates seen for the Klenow polymerase al- 
ready after approximately 1 min of injection indicates 
that the DNA synthesis is completed after that period of 
time. 

Endonuclease Cleavage 

Oligonucleotide 1 contains the contribution from one 
strand to the recognition sequence for the endonuclease 



Xhol (Fig. 1). Thus, double-stranded DNA obtained by 
extension toward the sensor chip surface using the prim- 
ing outer oligonucleotide 6 together with Klenow poly- 
merase contains the complete recognition site (Fig. 6A). 
To evaluate if an endonuclease activity could also be 
monitored using BIA, a 45 -min pulse of Xhol was in- 
jected over 1310 RU of such 69-bp substrate DNA (Fig. 
6B), obtained from a gene assembly experiment (data 
not shown). This resulted in an initial increase of the 
signal, followed by a slow but significant decline. After 
the injection of endonuclease, the response level de- 
creased with approximately 900 RU. A subsequent SDS 
pulse did not result in any further decrease. Taking into 
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FIG. 6. Cleavage with endonuclease. (A) A schematic view of the 
cleavage of the immobilized double -stranded DNA fragment; (B) sen- 
sorgram registered during the injection of the endonuclease Xho I; (C) 
enlargement of the upper section of the sensorgram in Fig. 6B (see text 
for details). 



account that a fragment of 16/20 nt is left on the surface 
after cleavage, the efficiency at this temperature (25* C) 
was calculated at 93%. An enlargement of the sen- 
sorgram corresponding to the cleavage phase clearly 
demonstrates a sigmoidal curve shape for this enzyme- 
substrate reaction (Fig. 6C). 

DNA Minisequencing 

The results from the extension experiments implied 
the possibilities to develop a strategy to employ the re- 
sulting SPR signal for a qualitative analysis of the tem- 
plate DNA strand. An incorporation of one of four di- 
deoxynucleotides (ddNTPs) at the position adjacent to 
the primer in a first step would prevent any further ex- 
tension in a subsequent step using all four dNTPs. Thus, 



the identity of the base pair immediately downstream of 
the primer would be revealed by the absence of a signal 
related to extension in the second step. This concept of 
real-time DNA minisequencing was tested using single- 
stranded full-length 69-bp DNA fragments obtained 
from a gene assembly followed by alkaline elution. For 
this experiment, the assembly was performed using a bi- 
otinylated version of the oligonucleotide 6 as starting 
fragment, thus resulting in DNA fragment as outlined in 
Fig. 7A. Using the same sensor chip surface, four consec- 
utive sensorgrams were registered (Fig. 7B), each repre- 
senting the successive injections of (i) oligonucleotide 1; 
(ii) Klenow polymerase and one of the four ddNTPs; (iii) 
SDS; (iv) Klenow polymerase and all four dNTPs; (v) 
SDS; and (vi) alkali. A small gradual decrease in the 
amount of hybridized oligonucleotide 1 can be seen for 
the consecutive runs, which can be explained by a corre- 
sponding small loss of template during the alkaline 
pulses. A comparison of the extension phases following 
the injections of Klenow polymerase and one ddNTP re- 
veals that three of the four curves (corresponding to in- 
jections with ddGTP, ddTTP, and ddATP) contain the 
characteristic "extension/dissociation" peak observed 
earlier for extension employing Klenow polymerase (see 
DNA Synthesis). In addition, the resulting signals after 
SDS pulses show increases in the signal corresponding 
to an extension of the hybridized primers. Furthermore, 
the subsequent alkali pulses results in an elution of the 
extended strands. Interestingly, in the case where the 
elongation terminator ddCTP was injected together 
with Klenow polymerase, the curve shape in the follow- 
ing extension step is dramatically different. No charac- 
teristic peak could be observed and a significantly slower 
dissociation from the surface was observed. After the 
subsequent SDS pulse only a small increase in the signal 
was observed. This indicates that ddCTP was incorpo- 
rated by the polymerase at the position adjacent to the 
primer (oligonucleotide 1), thus preventing extension in 
the following step. The results from the experiment us- 
ing ddCTP nucleotides suggest that the corresponding 
position on the complementary strand is a G, which 
could be verified from the sequences of the oligonucleo- 
tides used (Fig. 1). 

DISCUSSION 

In this work we have shown the possibilities of using 
biosensor technology for quantitative and qualitative 
analysis in real-time of several molecular biology tech- 
niques. The streptavidin-biotin system was used for 
efficient capture and robust immobilization of biotiny- 
lated nucleic acids onto the sensor chip surface. For 
small fragments (e.g., 25-mers) used in this study, a 
rapid and high-level immobilization can routinely be ob- 
tained, using standard buffers and flow rates. A clear 
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FIG. 7. DNA minisequencing. (A) A schematic description of the 
principle. (B) Sensorgrams from the four consecutive runs with injec- 
tions of (i) oligonucleotide 1 for hybridization; (ii) one of the four di- 



difference in the curve shapes was observed for the two 
ligation steps in the gene assembly experiment. These 
ligation steps take place at different relative distances 
from the surface and involve the formation of two and 
one phosphodiester bond(s), respectively. However, 
when analyzing results from similar experiments (data 
not shown), a general two-phasic curve for ligations in- 
volving the formation of two phosphodiester bonds can 
be seen, regardless of the position for ligation. The suc- 
cessful real-time monitoring of the assembly of the 69- 
bp double-stranded model DNA fragment shows the 
possibilities of using biosensor technology for the opti- 
mization of critical steps during the procedure, which is 
not possible for other solid-phase gene assembly meth- 
ods (10-12). The short protrusion ends (3 nt) of the frag- 
ments were sufficient for the formation of substrates for 
the ligase, even at 25°C, a temperature well above the 
calculated melting temperatures (T m ) for the annealing 
stretches (7 and 8°C, respectively). After completed as- 
sembly, the full-length DNA can be released from the 
surface by either alkali or restriction with endonucleases 
for collection at the outlet of the flow system and even- 
tual PCR amplification prior to cloning. The technique 
opens the possibilities to monitor and optimize critical 
steps in the assembly of overlapping hexameric oligonu- 
cleotides into lengths feasible for use as sequencing 
primers for large-scale sequencing projects employing 
"primer- walking" strategies (13). 

The analysis of the DNA polymerase activities of 
Klenow DNA polymerase and T7 DNA polymerase sug- 
gests that the technique can be used for the character- 
ization of different polymerases according to several fea- 
tures such as extension rate, influence of DNA context, 
promiscuity for nucleotide analogues (e.g., azidothymi- 
dine, ddl, alpha- and deaza- nucleotides), temperature 
dependency, and the effects of inhibitors [e.g., anti- Taq 
polymerase antibodies (14) for hot-start PCR]. The data 
from the Xhol endonuclease J cleavage experiment show 
also that for this class of enzymes, several important fea- 
tures can potentially be evaluated in real-time, using an 
experimental setup employing biosensor technology. 

The DNA minisequencing experiment shows that sev- 
eral different unit operations easily can be functionally 
integrated. The background extension signal (112 RU) 
obtained in the cycle where the dideoxynucleotide was 
incorporated (ddCTP) could be explained by the 3'-5' ex- 
onuclease activity of Klenow polymerase (proofreading). 
This activity results in the removal of a fraction of the 
incorporated dideoxy nucleotides, leading to a free 3 '-end 



deoxy nucleotides (indicated) together with Klenow DNA polymerase; 
(iii) 0.05% SDS; (iy) Klenow DNA polymerase with all four dNTPs; 
(v) 0.05% SDS; and (vi) alkali for strand separation and regeneration 
of the single-stranded DNA template. 
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as substrate for the preceding extension phase. Thus, the 
use of a DNA polymerase devoid of this activity (15) 
might prevent this background signal. The slow dissoci- 
ation from the surface seen for the Klenow polymerase 
in this experiment (Fig. 7B-ddCTP) is not fully un- 
derstood, but a correlation to the proofreading activity 
cannot be excluded. The minisequencing strategy de- 
scribed here has the advantages to be fully automated 
with no need for labeling. This method can potentially 
be applied also for multipoint determinations on single- 
stranded DNA templates, originating from PCR ampli- 
fication of, e.g., clinical samples. Here, sequential hy- 
bridizations and extensions could be performed using 
different priming oligonucleotides for each of the se- 
lected positions. In conclusion, these results suggest that 
real-time interaction analysis using biosensor technol- 
ogy is a powerful tool to characterize enzymes and reac- 
tions used for nucleic acid manipulation. Several future 
applications in the field of sequencing by synthesis or 
sequencing by hybridization using PCR products can 
also be envisioned. 
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FIG. 2 A 



STREPTAVIDIN 
SURFACE 

( N ) 



1 OICTIN ( - 
5' 



7 



3' 



3' 5' 
PROBE 



TARGET 

BASIC SCHEME FOR POSITIONAL SBH 



5' 3' 



5' 



FIG. 2B 



\ 

\ 
s 



g 3" y 3' 

+ . >- 

5' 

PROBE TARGET 

ALTERNATE SCHEME 



3' 5' 



U.S. Patent 



Aug. 18, 1998 



Sheet 3 of 13 



FIG. 3 A 
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FIG. 5 
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FIG. 8 
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FIG. 12 
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METHOD FOR REPLICATING AN ARRAY 
OF NUCLEIC ACID PROBES 

REFERENCE TO RELATED APPLICATIONS 

This is a continuation-in-part of U.S. patent application 5 
Ser. No. 07/972.012 filed Nov. 6. 1992 now U.S. Pat. No. 
5.503.980. 

RIGHTS IN THE INVENTION 

ic 

This invention was made with support from the Depart- 
ment of Energy under grant number PO4591610 and the 
United States government has certain rights in this inven- 
tion. 

BACKGROUND OF THE INVENTION 1 

1. Field of the Invention 

This invention relates to methods for sequencing nucleic 
acids by positional hybridization and to procedures combin- 
ing these methods with more conventional sequencing tech- 20 
niques and with other molecular biology techniques includ- 
ing techniques utilized in PCR (polymerase chain reaction) 
technology. Useful applications include the creation of 
probes and arrays of probes for detecting, identifying, puri- 
fying and sequencing target nucleic acids in biological 25 
samples. The invention is also directed to novel methods for 
the replication of probe arrays, to the replicated arrays, to 
diagnostic aids comprising nucleic acid probes and arrays 
useful for screening biological samples for target nucleic 
acids and nucleic acid variations. 30 

2. Description of the Background 

Since the recognition of nucleic acid as the carrier of the 
genetic code, a great deal of interest has centered around 
determining the sequence of that code in the many forms 35 
which it is found. Two landmark studies made the process of 
nucleic acid sequencing, at least with DNA. a common and 
relatively rapid procedure practiced in most laboratories. 
The first describes a process whereby tenninally labeled 
DNA molecules are chemically cleaved at single base rep- 40 
etitions (A. M. Maxam and W. Gilbert Proc. Natl. Acad. Sci. 
USA 74:560-564. 1977). Each base position in the nucleic 
acid sequence is then determined from the molecular 
weights of fragments produced by partial cleavages. Indi- 
vidual reactions were devised to cleave preferentially at 45 
guanine, at adenine, at cytosine and thymine, and at cytosine 
alone. When the products of these four reactions are 
resolved by molecular weight, using, for example, polyacry- 
lamide gel electrophoresis. DNA sequences can be read from 
the pattern of fragments on the resolved gel. 50 

The second study describes a procedure whereby DNA is 
sequenced using a variation of the plus-minus method (F. 
Sanger et al.. Proc. Natl. Acad. Sci. USA 74:5463-67. 1977). 
This procedure takes advantage of the chain terminating 
ability of dideoxynucleoside triphosphates (ddNTPs) and 55 
the ability of DNA polymerase to incorporate ddNTP with 
nearly equal fidelity as the natural substrate of DNA 
polymerase, dcoxynucleosides triphosphates (dNTPs). A 
primer, usually an oligonucleotide, and a template DNA are 
incubated together in the presence of a useful concentration 60 
of all four dNTPs plus a limited amount of a single ddNTP. 
The DNA polymerase occasionally incorporates a dideoxy- 
nucleotide which terminates chain extension. Because the 
dideoxynudeotide has no 3'-hydroxyl. the initiation point 
for the polymerase enzyme is lost Polymerization produces 65 
a mixture of fragments of varied sizes, all having identical 
3' termini Fractionation of the mixture by. for example. 
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polyacrylamide gel electrophoresis, produces a pattern 
which indicates the presence and position of each base in the 
nucleic acid Reactions with each of the four ddNTPs allows 
one of ordinary skill to read an entire nucleic acid sequence 
from a resolved gel. 

Despite their advantages, these procedures are cumber- 
some and impractical when one wishes to obtain megabases 
of sequence information. Further, these procedures are. for 
all practical purposes, limited to sequencing DNA. Although 
variations have developed, it is still not possible using either 
process to obtain sequence information directly from any 
other form of nucleic acid 

A new method of sequencing has been developed which 
overcomes some of the problems associated with current 
methodologies wherein sequence information is obtained in 
multiple discrete packages. Instead of having a particular 
nucleic acid sequenced one base at a time, groups of 
contiguous bases are determined simultaneously by hybrid- 
ization. There are many advantages including increased 
speed, reduced expense and greater accuracy. 

Two general approaches of sequencing by hybridization 
have been suggested. Their practicality has been demon- 
strated in pilot studies. In one format, a complete set of 4" 
nucleotides of length n is immobilized as an ordered array on 
a solid support and an unknown DNA sequence is hybrid- 
ized to this array (K. R. Khrapko et al.. J. DNA Sequencing 
and Mapping 1375-88. 1991). The resulting hybridization 
pattern provides all n-tupie words in the sequence. This is 
sufficient to determine short sequences except for simple 
tandem repeats. 

In the second format, an array of immobilized samples is 
hybridized with one short oligonucleotide at a time (Z. 
Strezoska et al., Proc. Natl. Acad. Sci. USA 88:10.089-93. 
1991). When repeated 4" times for each oligonucleotide of 
length n. much of the sequence of all the immobilized 
samples would be determined. In both approaches, the 
intrinsic power of the method is that many sequenced 
regions are determined in parallel. In actual practice the 
array size is about 10 4 to 10 5 . 

Another powerful aspect of the method is that information 
obtained is quite redundant especially as the size of the 
nucleic acid probe grows. Mathematical simulations have 
shown that the method is quite resistant to experimental 
errors and that far fewer than all probes are necessary to 
determine reliable sequence data (P. A. Pevzner et al.. J. 
Biomol. Struc. & Dyn. 9:399-^10. 1991; W. Bains. Genom- 
ics 11:295-301. 1991). 

In spite of an overall optimistic outlook, there are still a 
number of potentially severe drawbacks to actual implemen- 
tation of sequencing by hybridization. First and foremost 
among these is that 4 n rapidly becomes quite a large number 
if chemical synthesis of all of the oligonucleotide probes is 
actually contemplated. Various schemes of automating this 
synthesis and compressing the products into a small scale 
array, a sequencing chip, have been proposed. 

A second drawback is the poor level of discrimination 
between a correctly hybridized, perfectly matched duplexes, 
and an end mismatch. In part, these drawbacks have been 
addressed at least to a small degree by the method of 
continuous stacking hybridization as reported by a Khrapko 
et aL (FEBS Lett 256:118-22. 1989). Continuous stacking 
hybridization is based upon the observation that when a 
single-stranded oligonucleotide is hybridized adjacent to a 
double- stranded oligonucleotide, the two duplexes are mutu- 
ally stabilized as if they are positioned side-to-side due to a 
stacking contact between them. The stability of the interac- 
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Uon decreases significantly as slacking is disrupted by hybridized to an array of probes, again single-stranded, 

nucleotide displacement, gap. or terminal mismatch. Internal denatured from the array, and the dissociation kinetics ot 

mismatches are presumably ignorable because their thermo- denaturation analyzed to determine the target sequence. 

Snamic stabi% is so much less than perfect matches. Although also promising, discnmtnat.on ^ matches 
Although promilg. a related problem aies which is the 5 and mis-matdtes (and simple background) ,s low and 

u-.- a .- • w ™ K.H ^rr~« /timipT further, as hybridization conditions arc inconstant tor each 

inability to distinguish between weak, but correct duplex becomes increasingly reduced with 

formation, and simple background such as non-specific aupi«. mscrimui^uo occomc^ wlic & j 

adsorption of probes* the underlying support matrix. increasing target complexity. 

A third drawback is that detection is monochromatic. SUMMARY OF THE INVENTION 

Separate sequential positive and negative controls must be W p CSCQ i invention overcomes the problems and dis- 

nin to discriminate between a correct hybridization match, a advantages associated with current strategies and designs 

mis-match, and background. an< j provides new methods for rapidly and accurately deter- 

A fourth drawback is that ambiguities develop in reading mining the nucleotide sequence of a nucleic acid by the 

sequences longer than a few hundred base pairs on account herein described methods of positional sequencing by 
of sequence recurrences. For example, if a sequence the 15 hybridization. 

same length of the probe recurs three times in the target, the o ne embodiment of the invention is directed to arrays of 
sequence position cannot be uniquely determined. The loca- R * different nucleic acid probes wherein each probe cona- 
tions of these sequence ambiguities are called branch points. prises a double-stranded portion of length D. a terminal 

A fifth drawback is the effect of secondary structures in single-stranded portion of length S. and a random nucleotide 

the target nucleic acid. This could lead to blocks of sequence within the single-stranded portion of length R. 

sequences that are unreadable if the secondary structure is These arrays may be bound to solid supports and are useful 

more stable than occurs on the complimentary strand. for determining the nucleotide sequence of unknown nucleic 

A final drawback is the possibility that certain probes will acids and for the detection, identification and purification of 
have anomalous behavior and for one reason or another, be ^ target nucleic acids in biological samples, 

recalcitrant to hybridization under whatever standard sets of Another embodiment of the invention is directed to meth- 

conditions ultimately used. A simple example of this is the ods for creating arrays of probes comprising the steps of 

difficulty in finding matching conditions for probes rich in synthesizing a first set of nucleic acids each comprising a 

G/C content A more complex example could be sequences constant sequence of length C at the 3'-terminus. and a 

with a high propensity to form triple helices. The only way ^ random sequence of length R at the S'-terminus. synthesiz- 

to rigorously explore these possibilities is to carry out ing a second set of nucleic acids each comprising a sequence 

extensive hybridization studies with all possible oligonude- complimentary to the constant sequence of the first nucleic 

otides of length n. under the particular format and conditions acid, and hybridizing the first set with the second set to form 

chosen. This is clearly impractical if many sets of conditions the array. 

are involved. 35 Another embodiment of the invention is directed to meth- 

Among the early publication which appeared discussing ods for creating arrays of probes comprising the steps of 

sequencing by hybridization. E. M. Southern (PCT appUca- synthesizing a set of nucleic acids each containing a random 

uon no. WO 89/10977. published Nov. 16, 1989; which is internal sequence of length R flanked by the cleavage sites 

hereby specifically incorporated by reference), described of a restriction enzyme, synthesizing a set of primers each 

methods whereby unknown, or target, nucleic acids are ^ complementary to a non-random sequence of the nucleic 

labeled, hybridized to a set of nucleotides of chosen length acid, hybridizing the two sets together to form hybrids, 

on a solid support, and the nucleotide sequence of the target extending the sequence of the primer by polymerization 

determined, at least partially, from knowledge of the using the nucleic acid as a template, and cleaving the hybrids 

sequence of the bound fragments and the pattern of hybrid- with the restriction enzyme to form an array of probes with 

ization observed. Although promising, as a practical matter. 45 a double-stranded portion and a single-stranded portion and 

this method has numerous drawbacks. Probes are entirely with the random sequence within the single stranded por- 

single -stranded and binding stability is dependant upon the tion. 

size of the duplex. However, every additional nucleotide of Another embodiment of the invention is directed to rep- 
ine probe necessarily increases the size of the array by four licated arrays and methods for replicating arrays of probes, 
fold creating a dichotomy which severly restricts its plau- 50 preferably on a solid support, comprising the steps of 
sibie use. Further, there is an inability to deal with branch synthesizing an array of nucleic acids each comprising a 
point ambiguities or secondary structure of the target, and constant sequence of length C at a S'-terminus and a random 
hybridization conditions will have to be tailored or in some sequence of length R at a S'-terminus. fixing the array to a 
way accounted for for each binding event first solid support, synthesizing a set of nucleic acids each 

R. Drmanac et at (U.S. Pat No. 5.202,231; which is 55 comprising a sequence complimentary to the constant region 

specifically incorporated by reference) is directed to metb- of the array, hybridizing the nucleic acids of the set with the 

ods for sequencing by hybridization using sets of oligo- array, enzymatically extending the nucleic acids of the set 

nucleotide probes with randon sequences. These probes. using the random sequences of the array as templates, 

although useful suffer from some of the same drawbacks as denaturing the set of extended nucleic acids, and fixing the 

the methodology of Southern (1989), and like Southern, fail 60 denatured nucleic acids of the set to a second solid support 

to recognize the advantages of stocking interactions. to create the replicated array of probes. The replicated array 

K. R. Khrapko et al. (FEBS Lett. 256:118-22. 1989; and may be single-stranded or double- stranded, it may be fixed 

J. DNA Sequencing and Mapping 1:357-88. 1991) attempt to a soUd support or free in solution, and it is useful for 

toaddresssomeofmeseproblemsusingatechniquereferred sequencing, detecting or simply identifying target nucleic 

to as continuous stacking hybridization. With continuous 65 acids. 

stacking, conceptually, the entire sequence of a target The array is also useful for the purification of nucleic acid 

nucleic acid can be determined. Basically, the target is from a complex mixture for later identification and/or 
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sequencing. A purification array comprises sufficient num- 
bers of probes to hybridize and thereby effectively capture 
the target sequences from a complex sample. The hybridized 
array is washed to remove non-target nucleic acids and any 
other materials which may be present and the target 
sequences eluted by denaturing. From the elution. purified or 
semi-purified target sequences are obtained and collected. 
This collection of target sequences can then be subjected to 
normal sequencing methods or sequenced by the methods 
• described herein. 

Another embodiment of the invention is directed to 
nucleic acid probes and methods for creating nucleic acid 
probes comprising the steps of synthesizing a plurality of 
single-stranded first nucleic acids and a plurality of longer 
single-stranded second nucleic acids wherein each each 
second nucleic acid comprises a random terminal sequence 
and a sequence complimentary to a sequence of the first 
nucleic acids, hybridizing the first nucleic acids to the 
second to form partial duplexes having a double- stranded 
portion and a single-stranded portion with the random 
sequence within the single -stranded portion, hybridizing a 
target nucleic acid to the partial duplexes, optionally ligating 
the hybridized target to the first nucleic acid of the partial 
duplexes, isolating the second nucleic acid from the ligated 
duplexes, synthesizing a plurality of third nucleic acids each 
complimentary to the constant sequence of the second 
nucleic acid, and hybridizing the third nucleic acids with the 
isolated second nucleic acids to create the nucleic acid 
probe. Alternatively, after formation of the partial duplexes, 
the target is ligated as before and hybridized with a set of 
oligonucleotides comprising random sequences. These oli- 
gonucleotides are ligated to the second nucleic acid, the 
second nucleic acid is isolated, another plurality of first 
nucleic acids are synthesized, and the first nucleic acids are 
hybridized to the oligonucleotide ligated second nucleic 
acids to form the probe. Ligation allows for hybridization to 
be performed under a single set of hybridization conditions. 
Probes may be fixed to a solid support and may also contain 
enzyme recognition sites within their sequences. 

Another embodiment of the invention is directed to diag- 
nostic aids and methods utilizing probe arrays for the 
detection and identification of target nucleic acids in bio- 
logical samples and to methods for using the diagnostic aids 
to screen biological samples. Diagnostic aids as described 
are also useful for the purification of identified targets and. 
if desired, for their sequencing. These aids comprise probes, 
solid supports, labels, necessary reagents and the biological 
samples. 

Other advantages of the invention are set forth in part in 
the description which follows, and in part, will be obvious 
from this description, or may be learned from the practice of 
this invention. The accompanying drawings which are incor- 
porated in and constitute a part of this specification, illustrate 
and. together with this description, serve to explain the 
principle of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 Energetics of stacking hybridization. Structures con- 
sist of a long target and a probe of length n. The top three 
sample are ordinary hybridization and the bottom three 
are stacking hybridization. 

FIG. 2 (A) The first step of the basic scheme for positional 
sequencing by hybridization depicting the hybridization 
of target nucleic acid with probe forming a 5* overhang of 
the target. 

(B) The first step of the alternate scheme for positional 
sequencing by hybridization depicting the hybridization 
of target nucleic acid with probe forming a 3' overhang of 
the probe. 
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FIG. 3 Graphic representation of the ligation step of posi- 
tional sequencing by hybridization wherein hybridization 
of the target nucleic acid produces (A) a 5* overhang or 
(B) a 3* overhang. 
5 FIG. 4 Preparation of a random probe array. 

FIG. 5 Single nucleotide extension of a probe hybridized 
with a target nucleic acid using DNA polymerase and a 
single dideoxynucleotide. 

FIG. 6 Preparation of a nested set of targets using labeled 
10 target nucleic acids partially digested with exonuclease 
QL 

FIG. 7 Determination of positional information using the 

ratio of internal label to terminal label. 
FIG. 8 (A) Extension of one strand of the probe using a 
15 hybridized target as template with a single deoxynucle- 

otide. 

(B) Hybridization of target with a fixed probe followed by 
ligation of probe to target. 

FIG. 9 Four color analysis of sequence extensions of the 3* 
20 end of a probe using three . labeled nucleoside triphos- 
phates and one unlabeled chain terminator. 

FIG. 10 Extension of a nucleic acid probe by ligation of a 
pentnucleotide 3' blocked to prevent polymerization. 

FIG. 11 Reparation of a customized probe containing a 10 
25 base pair sequence that was present in the original target 
nucleic acid. 

FIG. 12 Graphic representation of the general procedure of 
positional sequencing by hybridization. 

FIG. 13 Graphical representation of the ligation efficiency of 
30 positional sequencing. Depicted is the relationship 
between the amount of label remaining over the total 
amounts of label in the reaction, verses NaCl concentra- 
tion. 

FIG. 14 A diagrammatic representation of the construction 
35 . of a complimentary array of master beads. 

DESCRIPTION OF THE INVENTION 
The present invention overcomes the problems and dis- 
advantages associated with current strategies and designs 

40 and provides new methods and probes, new diagnostic aids 
and methods for using the diagnostic aids, and new arrays 
and methods for creating arrays of probes to detect, identify, 
purify and sequence target nucleic acids. Nucleic acids of 
the invention include sequences of deoxyribonucleic acid 

45 (DNA) or ribonucleic acid (RNA) which may be isolated 
from natural sources, recombinant])' produced, or artificially 
synthesized. Preferred embodiments of the present invention 
is probe synthesized using traditional chemical synthesis, 
using the more rapid polymerase chain reaction (PCR) 

50 technology, or using a combination of these two methods. 
Nucleic acids of the invention further encompass polya- 
mide nucleic acid (PNA) or any sequence of what are 
commonly referred to as bases joined by a chemical back- 
bone that have the ability to base pair or hybridize with a 

55 complimentary chemical structure. The bases of DNA. 
RNA. and PNA are purines and pyrimidines linearly linked 
to a chemical backbone. Common chemical backbone struc- 
tures are deoxyribose phosphate and ribose phosphate. 
Recent studies demonstrated mat a number of additional 

60 structures may also be effective, such as the poly amide 
backbone of PNA (P. E. Nielsen et al., Sci. 254:1497-1500. 
1991). 

The purines found in both DNA and RNA are adenine and 
guanine, but others known to exist are xanthine. 
65 hypoxanthine. 2- and 1-diaminopurine. and other more 
modified bases. The pyrimidines are cytosine. which is 
common to both DNA and RNA. uracil found predomi- 
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nantly in RNA, and thymidine which occurs exclusively in 
DNA. Some of the more atypical pyrimidines include 
methyicytosine. hy droxy methyl -cytosine. methyluracil. 
hydroxymethyluracU. dihydroxypentyluxacil. and other base 
modifications. These bases interact in a complimentary 
fashion to form base-pairs, such as. for example, guanine 
with cytosine and adenine with thymidine. However, mis 
invention also encompasses situations in which there is 
nontraditionai base pairing such as Hoogsteen base pairing 
which has been identified in certain tRNA molecules and 
postulated to exist in a triple helix. 

One embodiment of the invention is directed to a method 
for deterrriining a nucleotide sequence by positional hybrid- 
ization comprising the steps of (a) creating a set of nucleic 
acid probes wherein each probe has a double-stranded 
portion, a single-stranded portion, and a random sequence 
within the single- stranded portion which is determinable, (b) 
hybridizing a nucleic acid target which is at least partly 
single-stranded to the set of nucleic acid probes, and (c) 
determining the nucleotide sequence of the target which 
hybridized to the single-stranded portion of any probe. The 
set of nucleic acid probes and the target nucleic acid may 
comprise DNA. RNA. PNA. or any combination thereof, 
and may be derived from natural sources, recombinant 
sources, or be synthetically produced Each probe of the set 
of nucleic acid probes has a double-stranded portion which 
is preferably about 10 to 30 nucleotides in length, a single- 
stranded portion which is preferably about 4 to 20 nucle- 
otides in length, and a random sequence within the single- 
stranded portion which is preferably about 4 to 20 
nucleotides in length and more preferably about 5 nucle- 
otides in length. A principle advantage of this probe is in its 
structure. Hybridization of the target nucleic acid is encour- 
aged due to the favorable thermodynamic conditions estab- 
lished by the presence of the adjacent double-strandedness 
of the probe. An entire set of probes contains at least one 
example of every possible random nucleotide sequence. 

By way of example only, if the random portion consisted 
of a four nucleotide sequence (R=4) of adenine, guanine, 
mymine. and cystosine. the total number of possible com- 
binations (4*) would be 4 4 or 256 different nucleic acid 
probes. If the number of nucleotides in the random sequence 
was five, the number of different probes within the set would 
be 4 5 or 1,024. This becomes a very large number indeed 
when considering sequences of 20 nucleotides or more. 

However, to determine the complete sequence of a nucleic 
acid target, the set of probes need not contain every possible 
combination of nucleotides of the random sequence to be 
encompassed by the method of this invention. This variation 
of the invention is based on the theory of degenerated probes 
proposed by S. C. Macevicz (International Patent 
Application. US89-04741, published 1989, and herein spe- 
cifically incorporated by reference). The probes are divided 
into four subsets. In each, one of the four bases is used at a 
defined number of positions and all other bases except that 
one on the remaining positions. Probes from the first subset 
contain two elements. A and non-A (A=adenosine). For a 
nucleic acid sequence of length k. there are 4(2*- 1). instead 
of 4* probes. Where k=8. a set of probes would consist of 
only 1020 different members instead of the entire set of 
65,536. The savings in time and expense would be consid- 
erable. In addition, it is also a method of the present 
invention to utilize probes wherein the random nucleotide 
sequence contains gapped segments, or positions along the 
random sequence which will base pair with any nucleotide 
or at least not interfere with adjacent base pairing. 

Hybridization between complimentary bases of DNA. 
RNA. PNA, or combinations of DNA. RNA and PNA, 
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occurs under a wide variety of conditions such as variations 
in temperature, salt concentration, electrostatic strength, and 
buffer composition. Examples of these conditions and meth- 
ods for applying them are described in Nucleic Acid Hybrid- 

5 ization: A Practical Approach (B. D. Hames and S. J. 
Higgins. editors. IRL Press, 1985). which is herein specifi- 
cally incorporated by reference. It is preferred that hybrid- 
ization takes place between about 0° C. and about 70° C. for 
periods of from about 5 minutes to hours, depending on the 
nature of the sequence to be hybridized and its length. For 
example, typical hybridization conditions for a mixture of 
two 20-mers is to bring the mixture to 68° C. and let cool to 
room temperature (22° C) for five minutes or at very low 
temperatures such as 2° C in 2 microliters. It is also 
preferred that hybridization between nucleic acids be facili- 

15 tated using buffers such as saline. Tris-EDTA (TE), Tris-HCl 
and other aqueous solutions, certain reagents and chemicals. 
Preferred examples of these reagents include single-stranded 
binding proteins such as Rec A protein. T4 gene 32 protein, 
E, coli single-stranded binding protein, and major or minor 

20 nucleic acid groove binding proteins. Preferred examples of 
other reagents and chemicals include divalent ions, polyva- 
lent ions, and intercalating substances such as ethidium 
bromide, actinomycin D. psoralen, and angelicin. 
The nucleotide sequence of the random portion of each 

25 probe is determinable by methods which are well-known in 
the art. Two methods for determining the sequence of the 
nucleic acid probe are by chemical cleavage, as disclosed by 
Maxam and Gilbert (1977), and by chain extension using 
ddNTPs, as disclosed by Sanger et at. (1977), both of which 

30 are herein specifically incorporated by reference. 
Alternatively, another method for determining the nucle- 
otide sequence of a probe is to individually synthesize each 
member of a probe set The entire set would comprise every 
possible sequence within the random portion or some 

35 smaller portion of the set. The method of the present 
invention could then be conducted with each member of the 
set Another procedure would be to synthesize one or more 
sets of nucleic acid probes simultaneously on a solid sup- 
port. Preferred examples of a solid support include a plastic, 

40 a ceramic, a metal, a resin, a gel, and a membrane. A more 
preferred eimSodiment comprises a two-dimensional or 
three-dimensional matrix, such as a gel, with multiple probe 
binding sites, such as a hybridization chip as described by 
Pevzner et al. (J. BiomoL Struc. & Dyn. 9:399-^110. 1991), 

45 and by Maskos and Southern (Nuc. Acids Res. 20: 1679-84, 
1992), both of which are herein specifically incorporated by 
reference. Nucleic acids are bound to the solid support by 
covalent binding such as by conjugation with a coupling 
agent or by non-covalent binding such as an electrostatic 

50 interaction or antibody-antigen coupling. Typical coupling 
agents include biotin/strerxavidin. Staphylococcus aureus 
protein A/IgG antibody F c fragment and streptavidin/ 
protein A chimeras (T. Sano and C R Cantor. Bio/ 
Technology 9:1378-81. 1991). 

55 Hybridization chips can be used to construct very large 
probe arrays which are subsequently hybridized with a target 
nucleic acid. Analysis of the hybridization pattern of the chip 
provides an immediate fingerprint identification of the target 
nucleotide sequence. Patterns can be manually or computer 

60 analyzed, but it is clear that positional sequencing by hybrid- 
ization lends itself to computer analysts and automation. 
Algorithms and software have been developed for sequence 
reconstruction which are applicable to the methods 
described herein (R. Drmanac et al.. J. BiomoL Struc. & 

65 Dyn. 5:1085-1102. 1991: P. A. Pevzner. J. Biomol. Struc. & 
Dyn. 7:63-73. 1989. both of which are herein specifically 
incorporated by reference). 
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Preferably, target nucleic acids are labeled with a detect- 
able label. Label may be incorporated at a 5' terminal site, a 
y terminal site, or at an internal site within the length of the 
nucleic acid. Preferred detectable labels include a 
radioisotope, a stable isotope, an enzyme, a fluorescent 
chemical, a luminescent chemical, a chromatic chemical, a 
metal, an electric charge, or a spatial structure. There are 
many procedures whereby one of ordinary skill can incor- 
porate detectable label into a nucleic acid. For example, 
enzymes used in molecular biology will incorporate radio- 
isotope labeled substrate into nucleic acid. These include 
polymerases, kinases, and transferases. The labeling isotope 
is preferably. 32 P, 35 S. 14 C. or 125 I. 

Label may be directly or indirectly detected using scin- 
tillation fluid or a Phosphorlmager. chromatic or fluorescent 
labeling, or mass spectrometry. Other, more advanced meth- 
ods of detection include evanescent wave detection of 
surface plasmon resonance of thin metal film labels such as 
gold. by. for example, the BlAcore sensor sold by 
Pharmacia, or other suitable biosensors. Alternatively, the 
probe may be labeled and the target nucleic acid detected, 
identified and possibly sequenced from interaction with the 
labeled probe. For example, a labeled probe or array of 
probes may be fixed to a solid support From an analysis of 
the binding observed after hybridization with a biological 
sample containing nucleic acid, the target nucleic acid is 
identified. 

Another embodiment of the invention is directed to meth- 
ods for determining a sequence of a nucleic acid comprising 
the steps of labeling the nucleic acid with a first detectable 
label at a terminal site, labeling the nucleic acid with a 
second detectable label at an internal site, identifying the 
nucleotide sequences of portions of the nucleic acid, deter- 
mining the relationship of the nucleotide sequence portions 
to the nucleic acid by comparing the first detectable label 
and the second detectable label, and determining the nucle- 
otide sequence of the nucleic acid. Fragments of target 
nucleic acids labeled both terminally and internally can be 
distinguished based on the relative amounts of each label 
within respective fragments. Fragments of a target nucleic 
acid terminally labeled with a first detectable label will have 
the same amount of label as fragments which include the 
labeled terminus. However, theses fragments will have vari- 
able amounts of the internal label directly proportional to 
their size and distance for the terminus. By comparing the 
relative amount of the first label to the relative amount of the 
second label in each fragment one of ordinary skill is able 
to determine the position of the fragment or the position of 
the nucleotide sequence of that fragment within the whole 
nucleic acid. 

Another embodiment of the invention is directed to meth- 
ods for detennining a nucleotide sequence by hybridization 
comprising the steps of creating a set of nucleic acid probes 
wherein each probe has a double-stranded portion, a single- 
stranded portion, and a random sequence within the single- 
stranded portion which is determinable, hybridizing a 
nucleic acid target which is at least party single-stranded to 
the set. ligating the hybridized target to the probe, and 
determining the nucleic sequence of the target which is 
hybridized to the single-stranded portion of any probe. This 
embodiment adds a step wherein the hybridized target is 
ligated to the probe. Ligation of the target nucleic acid to the 
complimentary probe increases fidelity of hybridization and 
allows for incorrectly hybridized target to be easily washed 
from correctly hybridized target (FIG. 11). More 
importantly, the addition of a ligation step allows for hybrid- 
ization to be performed under a single set of hybridization 
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conditions. For example, hybridization temperature is pref- 
erably between about 22°-37° C the salt concentration 
useful is preferably between about 0.05-O.5M. and the 
period of hybridization is between about 1-14 hours. This is 

5 not possible using the methodologies of the current proce- 
dures which do not employ a ligation step and represents a 
very substantial improvement. Ligation can be accom- 
plished using a eukaryotic derived or a prokaryotic derived 
ligase. Preferred is T4 DNA or RNA ligase. Methods for use 

10 of these and other nucleic acid modifying enzymes are 
described in Current Protocols in Molecular Biology (F. M, 
Ausubel et at. editors, John WUey & Sons. 1989), which is 
herein specifically incorporated by reference. 
There are a number of distinct advantages to the incor- 

!5 poration of a ligation step. First and foremost is that one can 
use identical hybridization conditions for hybridization. 
Variation of hybridization conditions due to base composi- 
tion are no longer relevant as nucleic acids with high A/T or 
G/C content ligate with equal efficiency. Consequently, 

2Q discrimination is very high between matches and mis- 
matches, much higher than has been achieved using other 
methodologies such as Southern ( 1989) wherein the effects 
of G/C content were only somewhat neutralized in high 
concentrations of quarternary or tertiary amines (e.g.. 3M 

23 tetramethyl ammonium chloride in Drmanac et al.. 1993). 
Another embodiment of the invention is directed to meth- 
ods for determining a nucleotide sequence by hybridization 
which comprises the steps of creating a set of nucleic acid 
probes wherein each probe has a double-stranded portion, a 

30 single-stranded portion, and a random sequence within the 
single-stranded portion which is determinable, hybridizing a 
target nucleic acid which is at least partly single-stranded to 
the set of nucleic acid probes, enzymatically extending a 
strand of the probe using the hybridized target as a template. 

35 and determining the nucleotide sequence of the single- 
stranded portion of the target nucleic acid. This embodiment 
of the invention is similar to the previous embodiment, as 
broadly described herein, and includes all of the aspects and 
advantages described therein. An alternative embodiment 

40 also includes a step wherein hybridized target is ligated to 
the probe. Ligation increases the fidelity of the hybridization 
and allows for a more stringent wash step wherein incor- 
rectly hybridized, u ungated target can be removed and 
further, allows for a single set of hybridization conditions to 

45 be employed. Most nonligation techniques including South- 
ern (1989). Drmanac et al. (1993). and Khrapko et al. (1989 
and 1991). are only accurate, and only marginally so. when 
hybriizations are performed under optimal conditions which 
vary with the G/C content of each interaction. Preferable 

50 condiions comprise a hybridization temperature of between 
about 22°-37° C, a salt concentration of betwen about 
0.05-0.5M. and a hybridization period of between about 
1-14 hours. 

Hybridization produces either a 5* overhang or a 3* 
55 overhang of target nucleic acid. Where there is a 5' 
overhang, a 3-hydroxyl is available on one strand of the 
probe from which nucleotide addition can be initiated. 
Preferred enzymes for this process include eukaryotic or 
prokaryotic polymerases such as T3 or T7 polymerase. 
60 Klenow fragment, or Taq polymerase. Each of these 
enzymes are readily available to those of ordinary skill in the 
art as are procedures for their use (Current Protocols in 
Molecular Biology). 

Hybridized probes may also be enzymatically extended a 
65 predetermined length. For example, reaction condition can 
be established wherein a single dNTP or ddNTP is utilized 
as substrate. Only hybridized probes wherein the first nucle- 
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otide to be incorporated is complimentary to the target could be terminally or internally labeled, hybridized with a 

sequence will be extended, thus, providing additional set of nucleic acid probes, and the hybridized sequences of 

hybridization fidelity and additional information regarding the probes determined. This aspect may be useful when it is 

the nucleotide sequence of the target. Sanger (1977) or cumbersome to determine the sequence of the entire target 

Maxam and Gilbert (1977) sequencing can be performed 5 and onJy a smaller region of that sequence is of interest, 

which would provide further target sequence data. A ... • ^ ^ A 

AlterDatively. hjLidizaion of large, to probe can produces embodiment of he invention .s directed a 

y extensions of target nucleic acids. Hybridized probes can m 5* od wherem * e U ^ cl nuclelc «*• to a ^ delectable 

be extended using nucleoside biphosphate substrates or short I 4 ** 1 at a ternuMl slte « nd a 5600,1(1 detectablc label at an 

sequences which are ligated to me 5' terminus. mtemd site - The tobds ""V te mc sarae t >P c of ubd or of 

Another embodimen. of the invention is directed to a ™ diff 1 " eM aS lo »8 " , . e ^V b ? <^ iminat « 1 i ; ff 

method for determining a nucleotide sequence of a target by f*» b / * e "f^^Tl ^ i* ? 

' k,,K^^;„*;^ „. - ? - „«„ L; & # v first and second detectable labels are chromatic or fluores- 

hybridization comprising the steps of creating a set of . . . , . ... 

nucleic acid probes wherein each probe has a double- <** chei ™? i f f °f ^ 316 d ^ We * 

stranded portion, a single-stranded portion, and a random 15 ^P^tromctry. Using a double-labelmg method coupled with 

nucleotide sequence within the single-stranded portion 15 ana ^ b * ™ ss spet ^T? ' ?2 

which is determinable, cleaving a plurality of nucleic acid accurate fencing me^odology that can be incorporated 

targets to form fragments of various lengths which are at in * nybndization and lends itself very well to 

least r^ysingle^dei hybridizing the single-stranded ^omation and computer control. 

region of the fragments with the single-stranded region of ^ Another embodiment of the invention is directed to meth- 

the probes, identifying the nucleotide sequences of the for creating a nucleic add probe comprising the steps of 

hybridized portions of the fragments, and comparing the synthesizing a plurality of single-stranded first nucleic acids 

identified nucleotide sequences to determine the nucleotide 40 arra y °* lo °g er single-stranded second nucleic acids 

sequence of the target An alternative embodiment includes complimentary to the first nucleic acid with a random 

a further step wherein the hybridized fragments are Ugated ^ terminal nucleotide sequence, hybridizing the first nucleic 

to the probes trior to identifying the nucleotide sequences of acids to * c second nucleic acids to form hybrids having a 

the hybridized portions of the fragments. As described double-stranded portion and a single-stranded portion with 

herein, the addition of a ligation step allows for hybridiza- ^ c ran<iom nucleotide sequence within the single-stranded 

tions to be performed under a single set of hybridization portion, hybridizing a single-stranded nucleic acid target to 

conditions. me hybrids. Ugatiog the hybridized target to the first nucleic 

In these embodiments, target nucleic acid is partially 30 acid of me W*^ isoUtin B ** second nudeic acid ' Md 

cleaved forming a plurality of nucleic acid fragments of hybridizing the first nucleic acid of step with the isolated 

various lengths, a nested set. which is men hybridized to the second nucleic acid to form a nucleic add 

probe. It is preferred that cleavage occurs by enzymatic. CTeated m ^ ***** referred to hemn as customized 

chemical or physical means. Preferred enzymes for partial 35 P tcbcs - 

cleavage are exonuclease in SI nuclease. DNase L Bal 31. Preferred customized probe comprises a first nucleic acid 

mung bean nuclease, PI nuclease, lambda exonuclease. which is about 15-25 nucleotides in length and the second 

restriction endonuclease, and RNase L Preferred means for nucleic acid is about 20-30 nucleotides in length. It is also 

chemical cleavage are ultraviolet light induced cleavage. preferred that the double-stranded portion contain an 

ethidium bromide induced cleavage, and cleavage induced 40 enzyme recognition site which allows for increased flexibil- 

with acid or base. Preferred means for mechanical cleavage rfy of use and facilitates cloning, should it at some point 

are shearing through direct agitation such as vortexing or become desirable to clone one or more of the probes. It is 

multiple cycles of frecze-thawing. Procedures for *teo preferred if the customized probe is fixed to a solid 

enzymatic, chemical or physical cleavage are disclosed in. support, such as, a plastic, a ceramic, a metal, a resin, a film 

for example. Molecular Cloning: A Laboratory Manual (T. 45 or other polymer, a gel. or a membrane, or possibly a two- 

Maniatis et al, editors. Cold Spring Harbor 1989). which is or three-dimensional array such as a chip or microchip, 

herein specifically incorporated by reference. Customized probes, created by the method of this 

Fragmented target nucleic acids will have a distribution of invention, have a wide range of uses. These probes are, first 

terminal sequences which is sufficiently broad so that the of all. structurally useful for identifying and binding to only 

nucleotide sequence of the hybridized fragments will 50 those sequences which are homologous to the overhangs, 

include the entire sequence of the target nucleic acid. A Secondly, the overhangs of these probes possess the nucle- 

preferred method is wherein the set of nucleic acid probes is otide sequence of interest No further manipulation is 

fixed to a solid support. A preferred solid support is a plastic. required to carry the sequence of interest to another struc- 

a ceramic, a metal or magnetic substance, a resin, a film or ture. Therefore, the customized probes greatly lend thera- 

other polymer, a gel. or a membrane, and it is more preferred 55 selves to use in. for example, diagnostic aids for the genetic 

that the solid support be a two-dimensional or three- screening of a biological sample. 

dimensional matrix with multiple probe binding sites such as Another embodiment of the invention is directed to arrays 
a hybridization chip as described by K. R. Khrapko et al. (J. 0 f nucleic acid probes wherein each probe comprises a 
DNA Sequencing and Mapping 1:357-88. 1991). It is also double-stranded portion of length D. a terminal single- 
preferred wherein the target nucleic acid has a detectable 60 stranded portion of length S. and a random nucleotide 
label such as a radioisotope, a stable isotope, an enzyme, a sequence within the single- stranded portion of length R. 
fluorescent chemical, a luminescent chemical, a chromatic Preferably. D is between about 3-20 nucleotides and S is 
chemical, a metal, an electric charge, or a spatial structure. between about 3-20 nucleotides and the entire array is fixed 
As an extension of this procedure, it is also possible to use to a solid support which may be composed of plastics, 
the methods herein described to determine the nucleotide 65 ceramics, metals, resins, polymers and other films, gels, 
sequence of one or more probes which hybridize with an membranes and two-dimensional and three-dimensional 
unknown target sequence. For example, fragmented targets matrices such as hybridization chips or microchips. Probe 
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arrays arc useful in sequencing and diagnostic applications 
when the sequence and/or position on a solid support of 
every probe of the array is known or is unknown. In either 
case, information about the target nucleic acid may be 
obtained and the target nucleic acid detected, identified and 
sequenced as described in the methods described herein. 
Arrays comprise 4* different probes representing every 
member of the random sequence of length R. but arrays of 
less than 4* are also encompassed by the invention. 

Another embodiment of the invention is directed to 
method for creating probe arrays comprising the steps of 
synthesizing a first set of nucleic acids each comprising a 
constant sequence of length C at a 3'-terminus and a random 
sequence of length R at a 5'-terminus. synthesizing a second 
set of nucleic acids each comprising a sequence complimen- 
tary to the constant sequence of each of the first nucleic acid, 
and hybridizing the first set with the second set to create the 
array. Preferably, the nucleic acids of the first set are each 
between about 15-30 nucleotides in length and the nucleic 
acids of the second set are each between about 10-25 
nucleotides in length. Also preferable is that C is between 
about 7-20 nucleotides and R is between about 3-10 nucle- 
otides. 

Arrays may comprise about 4* different probes, but in 
certain applications, an entire array of every possible 
sequence is not necessary and incomplete arrays are accept- 
able for use. For example, incomplete arrays may be utilized 
for screening procedures of very rare target nucleic acids 
where nonspecific hybridization is not expected to be prob- 
lematic. Further, every member of an array may not be 
needed when detecting or sequencing smaller nucleic acids 
where the chance of requiring certain combinations of 
nucleotides is so low as to be practically nonexistent. Array 
which are fixed to solid supports are expected to be most 
useful, although array in solution also have many applica- 
tions. Solid supports which are useful include plastics such 
as microti ter plates, beads and microbeads* ceramics, metals 
where resilience is desired or magnetic beads for ease of 
isolation, resins, gels, polymers and other films, membranes 
or chips such as the two- and three-dimensional sequencing 
chips utilized in sequencing technology. 

Alternatively, probe arrays may also be made which are 
single-stranded. These arrays are created, preferably on a 
solid support, basically as described, by synthesizing an 
array of nucleic acids each comprising a constant sequence 
of length C at a 3 -terminus and a random sequence of length 
R at a 5'-terminus. and fixing the array to a first solid 
support. Arrays created in this manner can be quickly and 
easily transformed into double-stranded arrays by the syn- 
thesis and hybridization of a set of nucleic acids with a 
sequence complimentary to the constant sequence of the 
replicated array to create a double- stranded replicated array. 
However, in their present form, single-stranded arrays are 
very valuable as templates for replication of the array. 

Due to the very large numbers of probes which comprise 
most useful arrays, there is a great deal of time spent in 
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simply creating the array. It requires many hours of nucleic 
acid synthesis to create each member of the array and many 
hours of manipulations to place the array in an organized 
fashion onto any solid support such as those described 
5 previously. Once the master array is created, replicated 
arrays or slaves, can be quickly and easily created by the 
methods of the invention which take advantage of the speed 
and accuracy of nucleic acid polymerases. Basically, meth- 
ods for replicating an array of single- stranded probes on a 
solid support comprise the steps of synthesizing an array of 
nucleic acids each comprising a constant sequence of length 
C at a 3'-terminus and a random sequence of length R at a 
S'-tcrminus, fixing the array to a first solid support, synthe- 
15 sizing a set of nucleic acids each comprising a sequence 
complimentary to the constant sequence, hybridizing the 
nucleic acids of the set with the array, enzymaticaily extend- 
ing the nucleic acids of the set using the random sequences 
of the array as templates, denaturing the set of extended 
20 nucleic acids, and fixing the denatured nucleic acids of the 
set to a second solid support to create the replicated array of 
single-stranded probes. 

Denaturation of the array can be performed by subjecting 
25 the array to heat, for example 90°-100° C for 2-15 minutes, 
or highly alkaline conditions, such as by the addition of 
sodium hydroxide. Denaturation can also be accomplished 
by adding organic solvents, nucleic acid binding proteins or 
enzymes which promote denaturation to the array. 
3Q Preferably, the solid supports are coated with a substance 
such as streptavidin and the nucleic acid reagents conjugated 
with biotin. Denaturation of the partial duplex leads to 
binding of the nucleic acids to the solid support 

Another embodiment of the invention is directed to meth- 
35 ods for creating arrays of probes comprising the steps of 
synthesizing an array of single-stranded nucleic acids each 
containing a constant sequence at the 3'4erminus. another 
constant sequence at the 5'-terminus. and a random internal 
sequence of length R flanked by the cleavage site(s) of a 
40 restriction enzyme (on one or both sides), synthesizing an 
array of primers each complementary to a portion of the 
constant sequence of the 3 -terminus, hybridizing the two 
arrays together to form hybrids, extending the sequence of 
each primer by polymerization using a sequence of the 
4 5 nucleic acid as a template, and cleaving the extended hybrids 
with the restriction enzyme to form an array of probes with 
a double- stranded portion at one terminus, a single-stranded 
portion containing the random sequence at the opposite 
terminus. Preferably, the nucleic acids are each between 
50 about 10-50 nucleotides in length and R is between about 
3-5 nucleotides in length. Any of the restriction enzymes 
which produce a 3*- or S'-overhang after cleavage are 
suitable for use to make the array. Some of the restriction 
enzymes which are useful in this regard, and their recogni- 
tion sequences are depicted in Table 1. 



TABLE 1 

Restnctioo RecoffnhioD Sequence 



Enzyme ^-Overhang 3' -Overhang 

AJwNI y-CAG NNNiCTG 

J-OTCTNNN GAC 
Bbv I y-GCAGQN),! (SEQ ID NO 37) 

3'-CGTCG<N) 12 t (SEQ ID NO 38) 
Bgl I S-OCCS NNNInGGC (SEQ ID NO 39) 
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TABLE 1 -continued 



Restriction Recognition Sequence 

Enzyme S'-Overhang J-Ovcriang 

3*CGGNTNNN NCCG (SEQ ID NO 39) 
BstX I 5*-CCAN NNNNiNTOG (SEQ ID NO 40) 

3*«GGTNtNNNN NACC (SEQ ID NO 40) 

Dra m 5 -CAC NNNiGTG 
3"-GTCtNNN CAC 
Fok I S -GG ATGXNVi (SEQ ID NO 41) 
3 -CCTAC(N) 13 T (SEQ ID NO 42) 
Hga I 5'-GACGC(N) 3 i (SEQ ID NO 43) 
3"-CTGCG{N), 0 T (SEQ ID NO 44) 
PflM I y-CCAN NNNlNTCG (SEQ ID NO 45) 

3'<3GTNtNNN NACC (SEQ ID NO 45) 

y-GGCCN NNNiNGGCC (SEQ ID NO 4 
3'-CCGGXTNNN NCCGG (SEQ ID NO 48) 



SfaNI 5 , -GCATC(N\i(SEQIDN0 46) 
S'-CGTAGfN^T (SEQ ID NO 47) 
Dfi I y-GGCCN NNNiNGGCC (SEQ ID NO 48) 
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Also prefered is that the array be fixed to a solid support deot normal phenotypic variation. DNA dependent somatic 

such as a plastic, ceramic, metal, resin, polymer, gel, film. variation, and the presence of heterologous nucleic acid 

membrane or chip. Fixation can be accomplished by coo- sequences. 

jugating the reagents for synthesis with a specific binding Especially useful are diapostic aids comprising probe 

protein or other similar substance and coating the surface of 25 s $ M makc ±t detection identification, 

the support with the binding counterpart (e.g. biotin/ afld cin of nuclcic acids from biological samples 

streptavidtn, F^rotein A. nucleic acid/nucleic acid binding cxccp ? 0|ialiv r ^ id and oftc t0 ^a^e pieccs 

protein). of j^n^on f TOm a s j ng i e sample after performing a 

Alternatively, another similar method for creating an f detecti identifying a target 

ar^yofprc^sco^mpnsmgthestepsof synmesizmg an array 30 & ^ comprise the steps of 

of smgle-sti^ded nucleic acids each containing a constant probes feed to 7soUd suppoVt as 

sequence at the 3 -terrmnus. another constant sequence ar the ^ hcr ein labelmg the nucleic acid of the biological 

^terrmnus and a random internal sequence of length R ^ hybridizing the Ubtled 

flanked^ the cleavage site(s) of a restncUon enzyme (on ^ ^ 4"ence of the 

one or both sides), synthesizing an array of pnmers with a 35 ^ acid from a binding pattern of me label on the array, 

sequence compkrncnfcry to the constant sequence at the for creating ^obe arrays and for rapidly and 

3 -termmus, hybridizing the two arrays together to form those arrays, such as for Lgnostic 

hybrids. enzymaticaUy extending ^the pnmers using the manufacture and commercial appUcation of 

nucleic acids as templates to form full-length hybrids, clon- , wa*w «*v rr 

ing the full-length^brids into vectors suTas plasmids or 40 lar * e numbcrs ° f ™ yS 3 , , u 

phage, cloning the plasmids into competent bacteria or As described, these diagnostic aids are useful to humans, 

phage, reisolating the cloned plasmid DNA, amplifying the ***** animals, and even plants for the detection of infections 

cloned sequences by multiple polymerase chain reactions. *> viruses, bacteria, fungi or yeast, and for the detection 

and cleaving the amplified sequences with the restriction of certain parasites. These detection methods and aids are 

enzyme to form the array of probes with a double-stranded 45 dso useful in mc fecd and food industries and in the 

portion at one terminus and a single-stranded portion con- environmental field for the detection, identification and 

taming the random sequence at the opposite terminus. Using sequencing of nucleic acids associated with samples 

this method the array of probes may have 5'- or 3'-overhangs obtained from environmental sources and from manufactur- 

depending on the cleavage specificity of the restriction products and by-products. 

enzyme (e.g. Table 1). The array of probes may be fixed to 50 Diagnostic aids comprise specific nucleic acid probes 

a solid support such as a plastic, ceramic, metal, resin. fixed to a solid support to which is added the biological 

polymer, film, geL membranes and chip. Preferably, during sample. Hybridization of target nucleic acids is determined 

PCR amplification, the reagent primers are conjugated with by adding a detectable label, such as a labeled antibody, 

biotin which facilitates eventual binding to a streptavidin which will specifically recognize only hybridized targets or. 

coated surface. 55 alternatively, unhybridized target is washed off and labeled 

Another embodiment of the invention is directed to meth- target specific antibodies are added. In either case, appear- 

ods for using customized probes, arrays, and replicated ance of label on the solid support indicates the presence of 

arrays, as described herein, in diagnostic aids to screen nucleic acid target hybridized to the probe and consequently, 

biological samples for specific nucleic acid sequences. Diag- within the biological sample. 

nostic aids and methods for using diagnostic aids would be 60 Customized probes may also prove useful in prophylaxis 

very useful when sequence information at a particular locus or therapy by directing a drug, antigen, or other substance to 

of, for example. DNA is desired Single nucleotide rauta- a nucleic acid target with which it will hybridize. The 

tions or more complex nucleic acid fingerprints can be substance to be targeted can be bound to the probe so as not 

identified and analyzed quickly, efficiently, and easily. Such to interfere with possible hybridization. For example, if the 

an approach would be immediately useful for the detection 65 probe was targeted to a viral nucleic acid target an effective 

of individual and family genetic variation, of inherited antiviral could be bound to the probe which will then be able 

mutations such as those which cause a disease. DNA depen- to specifically carry the antiviral to infected cells. This 
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would be especially useful when the treatment is harmful to 
normal cells and precise targeting is required for efficacy. 

Another embodiment of the invention is directed to meth- 
ods for creating a nucleic acid probe comprising the steps of 
synthesizing a plurality of single- stranded first nucleic acids 5 
and an array of longer single-stranded second nucleic acids 
complimentary to the first nucleic acid with a random 
terminal nucleotide sequence, hybridizing the first nucleic 
acids to the second nucleic acids to form hybrids having a 
double-stranded portion and a single-stranded portion with 10 
the random nucleotide sequence within the single-stranded 
portion, hybridizing a single-stranded nucleic acid target to 
the hybrids, ligating the hybridized target to the first nucleic 
acid of the hybrid, hybridizing the ligated hybrid with an 
array of oligonucleotides with random nucleotide sequences. !5 
ligating the hybridized oligonucleotide to the second nucleic 
acid of the ligated hybrid, isolating the second nucleic acid, 
and hybridizing another first nucleic acid with the isolated 
second nucleic acid to form a nucleic acid probe. Preferred 
is that the first nucleic acid is about 15-25 nucleotides in 20 
length, that the second nucleic acid is about 20-30 nucle- 
otides in length, that the constant portion contain an enzyme 
recognition site, and that the oligonucleotides are each about 
4-20 nucleotides in length. Probes may be fixed to a solid 
support such as a plastic, ceramic, a metal, a resin, a gel. or 25 
a membrane. It is preferred that the solid support be a 
two-dimensional or three-dimensional matrix with multiple 
probe binding sites such as a hybridization chip. Nucleic 
acid probes created by the method of the present invention 
are useful in a diagnostic aid to screen a biological sample 30 
for genetic variations of nucleic acid sequences therein. 

Another embodiment of the invention is directed to a 
method for creating a nucleic acid probe comprising the 
steps of (a) synthesizing a plurality of single-stranded first 
nucleic acids and a set of longer single-stranded second 35 
nucleic acids complimentary to the first nucleic acid with a 
random terminal nucleotide sequence, (b) hybridizing the 
first nucleic acids to the second nucleic acids to form hybrids 
having a double-stranded portion and a single-stranded 
portion with the random nucleotide sequence in the single- 40 
stranded portion, (c) hybridizing a single-stranded nucleic 
acid target to the hybrids, (d) ligating the hybridized target 
to the first nucleic acid of the hybrid, (e) enzymatically 
extending the second nucleic acid using the target as a 
template, (f) isolating the extended second nucleic acid, and 45 
(g) hybridizing the first nucleic acid of step (a) with the 
isolated second nucleic acid to form a nucleic acid probe. It 
is preferred that the first nucleic acid is about 15-25 nucle- 
otides in length, that the second nucleic acid is about 20-30 
nucleotides in length, and that the double-stranded portion 50 
contain an enzyme recognition site. It is also preferred that 
the probe be fixed to a solid support, such as a plastic, 
ceramic, a metal, a resin, a gel. or a membrane. A preferred 
solid support is a two-dimensional or three-dimensional 
matrix with multiple probe binding sites, such as a hybrid- 55 
ization chip. A further embodiment of the present invention 
is a diagnostic aid comprising the created nucleic acid probe 
and a method for using the diagnostic aid to screen a 
biological sample as herein described. 

As an extension of this procedure, it is also possible to use 60 
the methods herein described to determine the nucleotide 
sequence of one or more probes which hybridize with an 
unknown target sequence. For example, Sanger dideoxy- 
Ducleotide sequencing techniques could be used when enzy- 
matically extending the second nucleic acid using the target 65 
as a template and labeled substrate, extended products could 
be resolved by polyacrylamide gel electrophoresis, and the 
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hybridized sequences of the probes easily read off the gel. 
This aspect may be useful when it is cumbersome to 
determine the sequence of the entire target and only a 
smaller region of that sequence is of interest 

The following examples illustrate embodiments of the 
invention, but should not be viewed as limiting the scope of 
the invention. 

EXAMPLES 
Example 1 

Manipulation of DNA in the solid state. Complexes 
between streptavidin (or avidin) and biotin represent the 
standard way in which much solid state DNA sequencing or 
other DNA manipulation is done, and one of the standard 
ways in which non-radioactive detection of DNA is carried 
ouL Over the past few years streptavidin-biotin technology 
has expanded in several ways. Several years ago. the gene 
for streptavidin was cloned and sequenced (C. E. Argarana 
et al.. Nuc Acids Res. 14:1871, 1986). More recently, using 
the Studier T7 system, over-expression of the Protein in E. 
coli was achieved (T. Sano and C. R. Cantor. Proc. Natl. 
Acad. Sci. USA 87:142. 1990). In the last year, mutant 
streptavidin s modified for improved solubility properties 
and firmer attachment to solid supports was also expressed 
(T. Sano and C. R. Cantor. Bio/Technology 9:1378-81. 
1993). The most relevant of these is core streptavidin. (fully 
active protein with extraneous N- and C-terminal peptides 
removed) with 5 cysteine residues attached to the 
C-terminus. An active protein fusion of streptavidin to two 
IgG binding domains of staphylococcal A protein was also 
produced (T> Sano and C. R. Cantor, Bio/Technology 
9:1378-81, 1991). This allowed biotinylated DNAs to be 
attached to specific Immunoglobulin G molecules without 
the need for any covalent chemistry, and it has led to the 
development of immuno-PCR. an exceedingly sensitive 
method for detecting antigens (T. Sano et al.. Sci. 
258:120-29. 1992). 

A protein fusion between streptavidin and metallothionein 
was recently onstmcted (T. Sano et al.. Proc. Natl. Acad. Sci. 
USA. 1992). Both partners in this protein fusion are fully 
active and these streptavidin-biotin interactions are being 
used to develop new methods for purification of DNA. 
including triplex-mediated capture of duplex DNA on mag- 
netic microbeads (T. Ito et al., Proc. NatL Acad. Sci. USA 
89:495-98. 1992) and affinity capture electrophoresis of 
DNA in agarose (T. Ito et al.. G.AXA., 1992). 

An examination of the potential advantages of stacking 
hybridization has been carried out by both calculations and 
pilot experiments. Some calculated T m 's for perfect and 
mismatched duplexes are shown in FIG. 1. These are based 
on average base compositions. The calculations were pre- 
formed using the equations given by J. G. Wetmur (Crit 
Rev. in Biochem. and Mol. BioL 26:227-59, 1991). In the 
case of oligonucleotide stacking, these researchers assumed 
that the first duplex is fully formed under the conditions 
where die second oligomer is being tested; in practice this 
may not always be the case. It will, however, be the case for 
the configuration shown in FIG. 1. The calculations reveal a 
number of interesting features about stacking hybridization. 
Note that the binding of a second oligomer next to a 
pre-formed duplex provides an extra stability equal to about 
two base pairs. More interesting, stilt is the fact that 
mis pairing seems to have a larger consequence on stacking 
hybridization than it does on ordinary hybridization. This is 
consistent with the very large effects seen by K. R. Khrapko 
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ct al. (J. DNA Sequencing and Mapping 1:375-88. 1991) for 
certain types of mispairing. Other types of mispairing are 
less destabilizing, but these can be eliminated by requiring 
a ligation step. In standard SBH. a terminal mismatch is the 
least destabilizing event, and thus, leads to the greatest s 
source of ambiguity or background. For an octanucleotide 
complex, an average terminal mismatch leads to a 6° C. 
lowering in T ffl . For stacking hybridization, a terminal 
mismatch on the side away from the pre-existing duplex, is 
the least destabilizing event. For a pentamer. this leads to a jo 
drop in T m of 10° C These considerations indicate that the 
discrimination power of stacking hybridization in favor of 
perfect duplexes might be greater than ordinary SBH. 

Example 2 15 

Terminal sequencing by positional hybridization. The 
basic sequencing by hybridization scheme is depicted in 
FIG. 2. It is different from any other because it uses a duplex 
oligonucleotide array with 3'-ended single-stranded over- 
hangs. The duplex portion of each DNA shown is constant 20 
Only the overhangs vary, and in principle an array of 4" 
probes is needed to represent all possible overhangs of 
length n. The advantage of such an array is that it provides 
enhanced sequence stringency in detecting the 5' terrninal 
nucleotide of the target DNA because of base stacking 25 
between the preformed DNA duplex and the newly formed 
duplex. 

One variable is the length of the single-stranded over- 
hang. The shorter the overhang, the smaller the array of 
probes potentially useable. Overhangs of five and six have 
been successfully employed. The nature of the support 
surface to which the oligonucleotide is attached, the means 
of its attachment, and the length of the oligonucleotide 
duplex are also important variables. Initially one 5' end- 
biotinylated strand of the probe duplex is attached to a solid 35 
surface. The technology is already well developed for the 
attachment of nucleic acids to solid supports, such as 
streptavidin- coated magnetic microbe ads and membranes 
such' as the thin gel system. ^ 

Another variable is the nucleic acid capacity of the 
immobilized spot of probe. This determines the detection 
sensitivity required and is also important where unlabeled 
DNA may be present that could hybridize competitively 
with the desired labeled DNA product As depicted in FIG. 45 
2A. the 3' overhang of the array can detect the 3'-terminal 
sequence of the target DNA. These will derive from 5'-end 
labeled restriction fragments of known DNA sequence cut 
from vectors so that the target for the immobilized probe will 
either be at the 3' end. just internal to it or totally internal. M 
In some subsequent examples, it does not matter whether 
hybridization is absolutely specific for the 3' end. 

Alternatively, positional sequencing by hybridization of 
the 5*-end single-stranded overhangs would be equally effec- 
tive (FIG. 2B). This permits reading of the 5' terminal 55 
sequence of the target DNA. However, this approach is not 
as versatile because it does not allow for the use of poly- 
merases to enhance the length and accuracy of the sequence 
read. 

_ , _ 60 

Example 3 

Preparation of model arrays. Following the scheme shown 
in FIG. 2. in a single synthesis, all 1024 possible single- 
stranded probes with a constant 18 base stalk followed by a 
variable 5 base extension can be created. The 18 base 65 
extension is designed to contain two restriction enzyme 
cutting sites. Hga I generates a 5 base. 5' overhang consisting 
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of the variable bases N 5 . Not I generates a 4 base. 5' 
overhang at the constant end of the oligonucleotide. The 
synthetic 23-mer mixture will be hybridized with a compli- 
mentary 18-mer to form a duplex which can then be enzy- 
maticaily extended to form all 1024. 23-mer duplexes. These 
can be cloned by. for example, blunt end ligation, into a 
piasmid which lacks Not I sites. Colonies containing the 
cloned 23-base insert can be selected- Each should be a 
clone of one unique sequence. DNA rninipreps can be cut at 
the constant end of the stalk, filled in with biotinylated 
pyrimidines. then cut at the variable end of the stalk to 
generate the 5 base 5' overhang. The resulting nucleic acid 
can be fractionated by Qiagen columns (nucleic acid puri- 
fication columns) to discard the high molecular weight 
material, and the nucleic acid probe will then be attached to 
a streptavidin-coated surface. This procedure could easily be 
automated in a Beckman Biomec or equivalent chemical 
robot to produce many identical arrays of probes. 

The initial array contains about a thousand probes. The 
particular sequence at any location in the array will not be 
known. However, the array can be used for statistical 
evaluation of the signal to noise ratio and the sequence 
discrimination for different target molecules under different 
hybridization conditions. Hybridization with known nucleic 
acid sequences allows for the identification of particular 
elements of the array. A sufficient set of hybridizations 
would train the array for any subsequent sequencing task. 
Arrays are partially characterized until they have the desired 
properties. For example, the length of the oligonucleotide 
duplex, the mode of its attachment to a surface, and the 
hybridization conditions used, can all be varied, using the 
initial set of cloned DNA probes. Once the sort of array that 
works best is determined, a complete and fully characterized 
array can then be constructed by ordinary chemical synthe- 
sis. 

Example 4 

Preparation of specific probe arrays. The major challenge 
for positional SBH. is to build real arrays of probes, and test 
the fraction of sequences that actually perform according to 
expectations. Base composition and base sequence depen- 
dence on the effectiveness of hybridization is probably the 
greatest obstacle to successful implementation of these 
methods. The use of enzymatic steps, where feasible, may 
simplify these problems, since, after all, the enzymes do 
manage to work with a wide variety of DNA sequences in 
vivo. With positional SBH, one potential trick to compensate 
for some variations in stability would be to allow the 
adjacent duplex to vary. Thus, for an A+T rich overhang, one 
could use a G+C rich stacking duplex, and vice versa. 

Four methods for making arrays are tested and evaluated 
with two major objectives. The first is to produce, rapidly 
and inexpensively, arrays that will test some of the principles 
of positional SBH. The second is to develop effective 
methods for the automated preparation of full arrays needed 
for production sequencing via positional SBH. Since the first 
studies indicated that a five base overhang will be sufficient 
arrays may only have to have 1024 members. The cost of 
making all of these compounds is actually quite modest The 
constant portion of the probes can be made once, and then 
extended in parallel, by automated DNA synthesis methods. 
In the simplest case, this will require the addition of only 5 
bases to each of 1024 compounds, which at typical chemical 
costs of $2 per base will amount to a total of about $10,000. 

Moderately dense arrays can be made using a typical x-y 
robot to spot the biotinylated compounds individually onto 
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a streptavidin-coated surface. Using such robots, it is pos- 
sible to make arrays of 2X10 4 samples in 100 to 400 cm 2 of 
nominal surface. T array should preferably fit in 10 cm 2 , but 
even if forced, for unforeseen technical reasons, to compro- 
mise on an array ten times or even 50 times less dense, it will 5 
be quite suitable for testing the principles of and many of the 
variations on positional SBH. Commercially available 
streptavidin-coated beads can be adhered, permanently to 
plastics like polystyrene, by exposing the plastic first to a 
brief treatment with an organic solvent like triethylamine. JQ 
The resulting plastic surfaces have enormously high biotin 
binding capacity because of the very high surface area that 
results. This will suffice for radioactively labeled samples. 

For fluorescently labeled samples, the background scat- 
tering from such a bead- impregnated sample may interfere. 15 
In this case, a streptavidin -conjugated glass or plastic sur- 
face may be utilized (commercially available from Bios 
Products). Surfaces are made using commercially available 
amine -containing surfaces and using commercially available 
biotin-containing N-hydroxysuccinimide esters to make 2Q 
stable peptide conjugates. The resulting surfaces will bind 
streptavidin. at one biotin binding site (or at most two. but 
not more because the approximate 222 symmetry of the 
protein would preclude this), which would leave other sites 
available for binding to biotinylated oligonucleotides. 25 

In certain experiments, the need for attaching oligonucle- 
otides to surfaces may be circumvented altogether, and 
oligonucleotides attached to streptavidin-coated magnetic 
microbeads used as already done in pilot experiments. The 
beads can be manipulated in microtitre plates. A magnetic 30 
separator suitable for such plates can be used including the 
newly available compressed plates. For example, the 18 by 
24 well plates (Genetix, Ltd. ; USA Scientific Plastics) would 
allow containment of the entire array in 3 plates; this formate 
is well handled by existing chemical robots. It is preferable 35 
to use the more compressed 36 by 48 well formate, so that 
the entire array would fit on a single plate. The advantages 
of mis approach for all the experiments are that any potential 
complexities from surface effects can be avoided, and 
already-existing liquid handling, thermal control, and imag- 40 
ing methods can be used for all the experiments. Thus, this 
allows the characterization of many of the features of 
positional SBH before having to invest the time and effort in 
fabricating instruments, tools and chips. 

Lastly, a rapid and highly efficient method to print arrays 45 
has been developed. Master arrays are made which direct the 
preparation of replicas, or appropriate complementary 
arrays. A master array is made manually (or by a very 
accurate robot) by sampling a set of custom DNA sequences 
in the desired pattern and then transferring these sequences 50 
to the replica. The master array is just a set of all 1024-4096 
compounds. It is printed by multiple headed pipettes and 
compressed by offsetting. A potentially more elegant 
approach is shown in FIG. 14. A master array is made and 
used to transfer components of the replicas in a sequence- 55 
specific way. The sequences to be transferred are designed 
so that they contain the desired 5 or 6 base 5' variable 
overhang adjacent to a unique 15 base DNA sequence. 

The master array consists of a set of streptavidin bead- 
impregnated plastic coated metal pins, each of which, at its 60 
tip. contains immobilized biotinylated DNA strands that 
consist of the variable 5 or 6 base segment plus the constant 
15 base segment Any unoccupied sites on mis surface are 
filled with excess free biotin. To produce a replica chip, the 
master array is incubated with the complement of the 15 65 
base constant sequence. 5* -labeled with biotin. Next. DNA 
polymerase is used to synthesize the complement of the 5 or 
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6 base variable sequence. Then the wet pin array is touched 
to the streptavidin-coated surface of the replica, held at a 
temperature above the T m of the complexes on the master 
array. If there is insufficient liquid carryover from the pin 
array for efficient sample transfer, the replica array could 
first be coated with spaced droplets of soiveni (either held in 
concave cavities, or delivered by a multiheaded pipettor). 
After the transfer, the replica chip is incubated with the 
complement of 15 base constant sequence to reform the 
double-stranded portions of the array. The basic advantage 
of this scheme, if it can be realized, is that the master array 
and transfer compounds are made only once, and then the 
manufacture of replica arrays should be able to proceed 
almost endlessly. 

Example 5 

DNA ligation to oligonucleotide arrays. Following the 
schemes shown in FIGS. 3A and 3B, E. coll and T4 DNA 
ligases can be used to covalently attach hybridized target 
nucleic acid to the correct immobilized oligonucleotide 
probe. This is a highly accurate and efficient process. 
Because ligase absolutely requires a correctly base paired 3' 
terminus, ligase will read only the 3 , -terminal sequence of 
the target nucleic acid. After ligation, the resulting duplex 
will be 23 base pairs long and it will be possible to remove 
unhybridized, unligated target nucleic acid using fairly strin- 
gent washing conditions. Appropriately chosen positive and 
negative controls demonstrate the power of this scheme, 
such as arrays which are lacking a 5 -terminal phosphate 
adjacent to the 3* overhang since these probes will not ligate 
to the target nucleic acid. 

There are a number of advantages to a ligation step. 
Physical specificity is supplanted by enzymatic specificity. 
Focusing on the 3' end of the target nucleic also nunimize 
problems arising from stable secondary structures in the 
target DNA. As shown in FIG. 3B. ligation can be used to 
enhance the fidelity of detecting the 5'-terminal sequence of 
a target DNA. 

DNA ligases are also used to covalently attach hybridized 
target DNA to the correct immobilized oligonucleotide 
probe. Several tests of the feasibility of the ligation scheme 
shown in FIG. 3. Biotinylated probes were attached to 
streptavidin-coated magnetic microbeads. and annealed with 
a shorter, complementary, constant sequence to produce 
duplexes with 5 or 6 base single-stranded overhangs. One set 
of actual sequences used is shown in Example 14. 32 P-end 
labeled targets were allowed to hybridize to the Probes. Free 
targets were removed by capturing the beads with a mag- 
netic separator. DNA ligase was added and ligation was 
allowed to proceed at various salt concentrations. The 
samples were washed at room temperature, again manipu- 
lating the immobilized compounds with a magnetic separa- 
tor. This should remove non-ligated material. Finally, 
samples were incubated at a temperature above the T m of the 
duplexes, and eluted single strand was retained after the 
remainder of the samples were removed by magnetic sepa- 
ration. The eluate at this point should consist of the ligated 
material. The fraction of ligation was estimated as the 
amount of 32 p recovered in the high temperature wash 
versus the amount recovered in both the high and low 
temperature washes. Results obtained are shown in FIG. 13. 
It is apparent that salt conditions can be found where the 
legation proceeds efficiently with perfectly matched 5 or 6 
base overhangs, but not with G-T mismatches. 

The results of a more extensive set of similar experiments 
are shown in Tables 2-4. Table 2 looks at the effect of the 
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position of the mismatch and Tabic 3 examines the effect of 
base composition on the relative discrimination of perfect 
matches verses weakly destabilizing mismatches. These data 
demonstrate that: (1) effective discrimination between per- 
fect matches and single mismatches occurs with all five base 
overhangs tested; (2) there is little if any effect of base 
composition on the amount of ligation seen or the effective- 
ness of match/mismatch discrimination. Thus, the serious 
problems of dealing with base composition effects on sta- 
bility seen in ordinary SBH do not appear to be a problem 
for positional SBH; and (3) the worst mismatch positionis. 
as expected, the one distal from the phosphodiester bond 
formed in the ligation reaction. However, any mismatches 
that survive in this position will be eliminatd by a poly- 
merase extension reaction, such as as described herein, 
provided that polymerase is used, like sequenase version 2. 
that has no 3'-endonucleasc activity or terminal transferase 
activity; and (4) gel electrophoresis analysis has confirmed 
that the putative ligation products seen in these tests are 
indeed the actual products synthesized. 
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TABLE 3 -continued 



Ligation Efficiency of Matched and Mismatched Duplexes 
in 0.2 M NaCI at 37* C. and 
its Dependance on AT Content of the Overhang 



Overhang Sequences 



AT Content Ligation Efficiency 



Mismatch 


AGCTC 




om 


Match 


AGCTC 


2/5 


0.17 


Mismatch 


AGCTT 




0.01 


Match 


AGATC 


3/5 


0.24 


Mismatch 


AGATT 




0.01 


Match 


ATATC 


4/5 


0.17 


Mismatch 


ATATT 




0.01 


Match 


ATATT 


5/5 


0.31 


Mismatch 


ATATC 




0j02 



TABLE 2 



Ligation Efficiency of Matched and Mismatched Duplexes 
in 0.2 M NaCI at 37 D C. 
(SEP ID NO n 3 -TCG AOA ACC TTG GCT-5 1 



Ligation Efficiency 



CTA CTA GGC TGC GTA GTC-5 (SEQ ID NO 2) 

y-B- GAT GAT CCG ACG CAT CAG AGC TC 0.170 (SEQ ID NO 3) 

y-B- GAT GAT CCG ACG CAT CAG AGC TT 0XO6 (SEQ ID NO 4) 

y-B- GAT GAT CCG ACG CAT CAG AGC TA 0XO6 (SEQ ID NO 5) 

y-B- GAT GAT CCG ACG CAT CAG AGC CC 0002 (SEQ ID NO 6) 

y-B- GAT GAT CCG ACG CAT CAG AGTTC 0.004 (SEQ ID NO 7) 

y-B- GAT GAT CCG ACG CAT CAG AACTC 0001 (SEQ ID NO 8) 



TABLE 3 

Ligation Efficiency of Matched and Mismatched Duplexes ^@ 
in 0.2 M NaCI at 37 c C. and 
its Depe nd a nc e on AT Content of the Overhang 

Overhang Sequences AT Content Ligation Efficiency 

Match GGCCC 0/5 0.30 45 

Mismatch GGCCT 003 

Match AGCCC 1/5 036 



TABLE 4 



Increasing Discrimination by Sequencing Extension at 37* C. 

Ligation Efficiency Ligation Extension (cpm) 





(percent) 


(+) 


H 


(SEQ ID NO J) 3' TCG AGA ACC TPG GCT-5'* 








CTA CTA GGC TGC GTA GTC-5'(SEQ D> NO 2) 








GAT GAT CCG ACG CAT CAG AGA TC 


0.24 


4534 


29400 


(SEQ ID NO 9) 








GAT GAT CCG ACG CAT CAG AGC TT 


0.01 




250 


(SEQ ID NO 10) 








PucmpflMtioo — 


x24 


x42 


X118 


(SEQ ID NO 1) y-TCG AGA ACC TTG GCT-5- 








CTA CIA GGC TGC GTA GTC-5YSEQ ID NO 2) 








GAT GAT CCG ACG CAT CAG ATA TC 


0.17 


12.250 


25,200 


(SEQ ID NO 11) 
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TABLE Continued 

Increasing Discrimination by Sequencing Extension at 37* C. 

Ligation Efficiency Ligation Extension (cym) 

(percent) (+) (-) 

5-B- GATGATCCG ACGCATCAG ATATT OOl 240 390 

(SEQ ID NO 12) 

Discrimination = xl7 x5t x65 

"B" = Biotin 

"*~ = radioactive label 



The discrimination for the correct sequence is not as great 
with an external mismatch (which would be the most 
difficult case to discriminate) as with an internal mismatch 
(Table 4). A mismatch right at the ligation point would 
presumably offer the highest possible discrimination. In any 
event, the results shown are very promising. Already there is 
a level of discrimination with only 5 or 6 bases of overlap 
that is better than the discrimination seen in conventional 
SBH with 8 base overlaps. Allele-specific amplification by 
the ligase chain reaction also appears to be quite successful 
(F. Baranay et at. Proc. Nad. Acad. Sci. USA 88:189-93. 
1991). 

Example 6 

Positional sequencing by hybridization with a nested set 
of DNA samples. Thus far described arrays have been very 
inefficiently utilized because with only a single target 
nucleic acid, only a single probe will be detected. This 
clearly wastes most of the potential information intrinsically 
available from the array. A variation in the procedures will 
use the array much more efficiently. This is illustrated in 
FIG. 6. Here, before hybridization to the probe array, the 
S'-labeled (or unlabeled) target nucleic acid is partially 
degraded with an enzyme such as exonuclease HL Digestion 
produces a large number of molecules with a range of chain 
lengths that share a common 5'-terminus, but have a variable 
3'-terrainus. This entire family of nucleic acids is then 
hybridized to the probe array. Assuming that the distribution 
of T-ends is sufficiently broad, the hybridization pattern 
should allow the sequence of the entire target to be read 
subject to any branch point ambiguities. If a single set of 
exonuclease conditions fails to provide a broad enough 
distribution, samples could be combined and prepared under 
several different conditions. 

There are at least three ways to make nested DNA 
deletions suitable for positional SBH. The easiest but ulti- 
mately probably the least satisfactory, is to use exonuclease 
like exonuclease ED. by analogy to nested deletion cloning 
in ordinary sequencing (S. Henikoff. Gene 28351-58. 
1984). The difficulty with these enzymes is that they may not 
produce an even enough yield of compounds to fully rep- 
resent the sample of interest One sees a pattern of regions 
in the sequence where the enzyme moves relatively rapidly, 
and others where it moves relatively slowly. Several com- 
mercially available enzymes can be examined by looking at 
the distribution of fragment lengths directly on ordinary 
polyacrylamide DNA sequencing gels. 

The second approach to making nested samples is to use 
the ordinary Maxam-Gilbert sequencing chemistry. It is 
possible to ligate the S'-phosphorylated fragments which 
result from these chemical degradations. Indeed this is the 
principle use for ligation -mediated genomic DNA sequenc- 
ing (G. P. Pfiefer et at. Sci. 246:810-13. 1989). Asymmetric 



15 PCR or linear amplification can be used to make the 
complementary. Ligatable. nested strands. A side benefit of 
this approach is that one can pre-select which base to cleave 
after, and this provides additional information about the 
DNA sequences one is working with. 

20 The third approach to making nested samples is to use 
variants on plus/minus sequencing. For example, one can 
make a very even DNA sequencing ladder by using Sanger 
sequencing with a dideoxy-pppN terminator. This does not 
produce a ligatable end. However it can be replaced with a 
ligatable end. while still on the original template, by first 
removing the ddpppN with the 3* editing-exonuclease activ- 
ity of DNA polymerase I in the absence of the one particular 
base at the end. Note that this accomplishes two things for 
the price of one. Not only does it generate a ladder with a 
ligatable, end, because one can pre-determine the identity of 

30 the base removed, it provides an additional nucleotide of 
DNA sequence information. One can use single color detec- 
tion in four separate reactions, or ultimately, four color 
detection by mixing the results of four separate reactions 
prior to hybridization. If this approach is successful, it is 

35 amenable to more elaborate variations combining laddering 
and hybridization. Note that each of these procedures com- 
bines some of the power of ladder sequencing with the 
parallel processing of SBH. 
In addition, there are alternative methods of preparing the 

40 desired samples, such as polymerization in the absence of 
limiting amounts of one of the substrate bases, such as for 
DNA. one of the four dNTPs. Standard Sanger or Maxam- 
Gilbert sequencing protocols cannot be used to generate the 
ladder of DNA fragments because these techniques fail to 

45 yield 3*-ligatable ends. In contrast, sequencing by the 
method of the present invention combines the techniques 
and advantages of the power of ladder sequencing with the 
parallel processing power of positional sequencing by 
hybridization. 

so IJgarion ensures me fidelity of detection of me 3' terminal 
base of the target DNA. To ensure similar fidelity of detec- 
tion at the 5' end of the duplex formed between the probe and 
the target, the probe-target duplex can be extended after 
ligation by one nucleotide using, for example, a labeled 

55 ddNTP (FIG. 5). This has two major advantages. First 
specificity is increased because extension with the Klenow 
fragment of DNA polymerase requires a correctly base 
paired 3 '-primer terminus. Second, using labeled ddNTPs 
one at a time, or a mixture of all four labeled with four 

60 different colors simultaneously, the identity of one addi- 
tional nucleotide of the target nucleic acid can be determined 
as shown in FIG. 5. Thus, an array of only 1024 probes 
would actually have the sequencing power of an array of 
4096 hexamers. in other words, a corresponding four-fold 

65 gain for any length used. In addition, polymerases work well 
in solid state sequencing methodologies quite analogous of 
the type proposed herein. 
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Example 7 necessary to physically fractionate the DNA species of the 

_.. ...... . . . . . ladder (although this could certainly be done if needed). 

Retaitungposmonal ^formation w sequencing by hybnd- on< , c * an end . ube|ed udder with a restriction 

aaUon. Inherent .n the detection of just the 3;~d n ao ye ^ ^ 4 . base ffic 

sequence of the target nucletc acid « the poss,bihty of $ use<L sin ^ comb j naliolL *~ 

obtaining inforraauon about the distance between the ' .... . . 

sequence hybridized and a known reference point. Although Additional information is available for the recurrence of 
that point could be arbitrary, the 5'-end of the intact target pcntanucleotide sequences by the use of polyrnerase and 
was used. The desired distance is then just the length of the base ^tension as described in Example 7. In three 

DNA fragment that has hybridized to a particular probe in cascs oul of four the * ia & c additional base will be different 
the array. In principle, there are two ways to determine this 10 for tne recurrent sequences. Thus, it will be clear that a 
length. One is to length fractionate (5' labeled) DNA before recurrence has occurred. 

or after the hybridization, ligation, and any DNA polymerase The real power of the positional information comes, not 
extension. Single DNA sequences could be used, but pools from its application to the recurrent sequences, but to its 
of many DNA targets used simultaneously or. alternatively. applications to surrounding unique sequences. Their order 
a double-labeled target with one color representing the 15 will be determined unequivocally, assuming even moder- 
5'-end of any unique site and the other a random internal ately accurate position inforraauon. and thus, the effect of 
label would be more efficient. For example, incorporated the branch point will be eliminated. For example. 10% 
into the target is a fractional amount, for example, about 1%. accuracy in intensity rations for a dual labeled 200 base pair 
of biotinylated (or digoxigenin-labeled) pyrimidines. and target will provide a positional accuracy of 20 base pair. This 
use this later on for fluorescent detection. It has been 20 would presumably be sufficient to resolve all but the most 
recently shown that an internal label is effective in high extraordinary recurrences. 

sensitivity conventional ladder DNA sequencing. The ratio Branch point ambiguities are caused by sequence recur- 
of the internal label to the end label is proportional to target rence and effectively limit the size of the target nucleic acid 
fragment length. For any particular sample the relationship to a few hundred base pairs. However, positional informa- 
is monotonic even though it may be irregular. Thus, correct tion derived from Example 7 will resolve almost all of these 
order is always obtained even if distances are occasionally ambiguities. If a sequence recurs, more than one target 
distorted by extreme runs of purines of r^rtimidines. If fragment will hybridize to. or otherwise be detected by 
necessary, it is also possible to use two quasi-independent subsequent ligation to or extension from a single immobi- 
intemal labeling schemes. ^ lized probe. The apparent position of the target will be its 

The scheme as just outlined, used with polymerase average on the recurrent sequence. For a sequence which 
extension, might require as many as 6 different colored occurs just twice, the true location is symmetric around the 
labels; 2 on the target (5* and internal) and four on the probe apparent one. For example, the apparent position of a 
extension (four ddNTPs). However the 5' label is recurrent sequence occurring in positions 50 and 100 bases 
unnecessary, since the 3* extension provides the same infor- 35 from the 5'-end of the target will be 75 bases from the end. 
raation (providing that the DNApolymerasc reaction is dose However, when the pattern of positional sequencing by 
to stoichiometric). The ddNTPs can be used one at a time if hybridization is examined, a sequence putatively located at 
necessary. Therefore, the scheme could proceed with as little that position will show overlap with contacts in the neigh- 
as two color detection, if necessary (FIG. 7), and three colors borhood of 50 bases and 100 bases from the 5'-end- This will 
would certainly suffice. ^ indicate that a repeat has occurred. 

A scheme complimentary to that shown in FIG. 7 would _ . g 

retain positional information while reading the ^'-terminal bxampie 

sequence of 3'-end labeled plus internally labeled target Extending the 3-sequence of the target Using the scheme 
nucleic acids. Here, as in FIG. 3B. probe arrays with 5' shown in FIG. 8. it is possible to learn the identity of the base 
overhangs are used, however, polymerase extension will not 45 3' to the known sequence of the target, as revealed by its 
be possible. hybridization position on an oligonucleotide array. For 

example, an array of 4" single-stranded overhangs of the 
&amplc 8 type NAGCTA 3\ as shown in the Figure, are created 

Resolution of branch point ambiguities. In current SBH. wherein n is the number of known bases in an overhang of 
branch point ambiguities caused by sequence recurrences 50 length n+1. The target is prepared by using a 5' label in the 
effectively limit the size of the target DNA to a few hundred manner shown in FIG. 3. The Klenow fragment of DNA 
base pairs. The positional information described in Section polymerase would then be used to add a single dpppNp as 
6 will resolve many of these ambiguities. When a sequence a polymerization chain terminator (or alternatively. ddpppN 
recurrence occurs, if a complete DNA ladder is used as the terminators plus ligatable ends). Before hybridization the 
sample, two or more targets will hybridize to the same 55 resulting 3 -terminal phosphate would be removed by alka- 
probe. Single nucleotide additions will be informative in % line phosphatase. This would allow subsequent ligation of 
of the cases where two targets are ligated to the same probe; the target to the probe array. Either by four successive single 
they will reveal that a given probe contains two different color 5' labels, or a mixture of four different colored chains, 
targets and will indicate the sequence of one base outside the each color corresponding to a particular chain terminator, 
recurrence. The easiest way to position the two recurrent 60 one would be able to infer the identity of the base that had 
sequences is to eliminate the longer or shorter members of paired with the N next to the sequence AGCTA. Labeling of 
the DNA ladder and hybridize remaining species to the the 5' end rninimizes interference of fluorescent base dcriva- 
probe array. This is a sufficiently powerful approach that it tives on the ligation step. Presumably, provided with a 
is likely to be a routine feature of positional SBH. Recur- supply of dpppNp. or ribo-pppNp which can be easily 
rences will be very frequent with only 5 or 6 base overhangs. 65 prepared, the sequenase version 2 or another known poly- 
but the use of segmented ladders will allow most of these to merase will use these as a substrate. The key step in this 
be resolved in a straightforward way. It should not be scheme is to add a single dpppNp as a polymerization chain 
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terminator. Before hybridization, the resulting 3' terminal 
phosphate is removed by alkaline phosphatase. This allows 
for the subsequent ligation of the target to the probe array. 
Alternatively. ddpppNp terrninators replaced with ligatable 
ends may also be used. Either by four successive single color 
5* labels, or a mixture of four different colored chains, each 
color representing a specific chain terminator, one is able to 
infer the identity of the base that had paired with the N next 
to the sequence AGCTA. The 5' end is labeled to minimize 
interference of fluorescent-based derivatives with the liga- 
tion step. 

Assuming that there are sufficient colors in a polychro- 
matic detection scheme, mis 3' target extension can be 
combined with the 3' probe extension to read n+2 bases in 
an array of complexity 4". This is potentially quite a 
substantial improvement ft decreases the size of the array 
needed by a factor of 16 without any loss in sequencing 
power. However, the number of colors required begins to 
become somewhat daunting. In principle one would want at 
least nine, four for each 3' extension and one general internal 
label for target length. However, with resonance ionization 
spectroscopy (RB) detection, eight coJors are available with 
just a single type of metal atom, and many more could be 
had with just two metals. 

Example 10 

Extending the 5* sequence of the target. In example 5, it 
was illustrated that by polymerase extension of the 3'-end of 
the probe, a single additional nucleotide on the target could 
be determined after ligation. That procedure used only chain 
terminators. Florescent labeled dNTPs that serve as sub- 
strates for DNA polymerase and other enzymes of DNA 
metabolism can also be made. The probe-target complex of 
each ligation reaction with, for example, three labeled 
dNTPs and a fourth unlabeled chain terminator could be 
extended using fluorescent labeled dNTPs. This could be 
repeated, successively, with each possible, chain terminator. 
If the ratio of the intensities of the different labels can be 
measured fairly accurately, a considerable amount of addi- 
tional sequence information will be obtained. If the absolute 
intensities could be measured, the power of the method 
appears to be very substantial since one is in essence doing 
a bit of four color DNA sequencing at each site on the 
oligonucleotide array. For example, as shown in FIG. 9. for 
the sequence (Pu) 4 T. such an approach would unambigu- 
ously reveal 12 out of the 16 possible sequences and the 
remainder would be divided into two ambiguous pairs each. 
Alternatively, once the probe array has captured target 
DNAs, full plus-minus DNA sequencing reactions could be 
carried out on all targets. Single nucleotide DNA addition 
methods have been described that would also be suitable for 
such a highly parallelized implementation. 

Example 11 

Sample pooling in positional sequencing by hybridiza- 
tion. A typical 200 base pair target will detect only 196 
probes on a five base 1024 probe array. This is not far from 
the ideal case in single, monochromatic sampling where one 
might like to detect half the probes each time. However, as 
the procedure is not restricted to single colors, the array is 
not necessarily this small. With an octanucieotide array, in 
conventional positional sequencing by hybridization or one 
of its herein described enhancements, the target detects only 
Yi2 of the immobilized probes. To increase efficiency a 
mixture of 16 targets can be used with two enhancements. 
First, intelligently constructed orthogonal pools of probes 
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can be used for mapping by hybridization. Hybridization 
sequencing with these pools would be straightforward Pools 
of targets, pools of probes, or pools of both can be used. 
Second, in the analysis by conventional sequencing by 

5 hybridization of an array of 2x10* probes, divided into as 
few as 24 pools containing 8x10* probes each, there is a 
great deal of redundancy. Excluding branch points. 24 
hybridizations could determine all the nucleic acid 
sequences of all the targets. However, using RIS detection 

10 there are much more than 24 colors. Therefore, all the 
hybridizations plus appropriate controls could be done 
simultaneously, provided that the density of the nucleic acid 
sample were high enough to keep target concentration far in 
excess of all the probes. A single hybridization experiment 

1 5 could produce 4x 10 6 base pairs of sequence information. An 
efficient laboratory could perform 25 such hybridizations in 
a day. resulting in a throughput of 10 8 base-pairs of sequence 
per day. This is comparable to the speed of polymerization 
by £. coli DNA polymerase. 

20 

Example 12 

Oligonucleotide ligation after target hybridization. Stack- 
ing hybridization without ligation has been demonstrated in 

25 a simple format Eight-mer oligonucleotides were annealed 
to a target and then annealed to an adjacent 5-mer to extend 
the readable sequence from 8 to 13 bases. This is done with 
small pools of 5-mers specifically chosen to resolve ambi- 
guities in sequence data that has already been determined by 

3q ordinary sequencing by hybridization using 8-mers alone. 
The method appears to work quite welt but it is cumber- 
some because a custom pool of 5-mers must be created to 
deal with each particular situation. In contrast, the approach 
taken herein (FIG. 9). after ligation of the target to the probe. 

35 is to ligate a mixtures of 5-raers arranged in polychromati- 
cally labeled orthogonal pools. For example, using 5-mers of 
the form pATGCAp or pATGCddA, only a single ligation 
event will occur with each probe-target complex. These 
would be 3* labeled to avoid interference with the ligase. 

^ Only ten pools are required for a binary sieve analysis of 
5-mers. In reality it would make sense to use many more, say 
16. to introduce redundancy. If only four colors are 
available, those would require four successive hybridiza- 
tions. For example, sixteen colors would allow a single 

45 hybridization. But the result of this scheme is mat one reads 
ten bases per site in the array, equivalent to the use of 4 i0 
probes, but one only has to make 2x4 5 probes. The gain in 
efficiency in this scheme is a f actor of 500 over conventional 
sequencing by hybridization. 

50 

Example 13 

Synthesis of custom arrays of probes. Custom arrays of 
probe would be useful to detect a change in nucleic acid 
sequence, such as any single base change in a pre-selected 

55 large population of sequences. This is important for detect- 
ing mutations, for comparative sequencing, and for finding 
new. potentially rare polymorphisms. One set of target 
sequences can be customized to an initial general array of 
nucleic acid probes to turn the probe into a specific detector 

60 for any alterations of a particular sequence or series of 
sequences. The initial experiment is the same as outlined 
above in Example 4. except that the 3'-blocked 5-mers are 
unlabeled. After the ligation, the initial nucleic acid target 
strand along with its attached 1 8 nucleotide stalk is removed. 

65 and a new unligated 18 nucleotide stalk annealed to each 
element of the immobilized array (FIG. 11). The difference 
is that because of its history, many (ideally 50% or more), of 
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the elements of that array now have 10 base 3' extensions 
instead of 5 base extensions. These do not represent all 4 10 
possible 10-mers. but instead represent just those 10-mers 
which were present in the original sample. A comparison 
sample can now be hybridized to the new array under 
conditions that detect single mismatches in a decanuclcotide 
duplex. Any samples which fail to hybridize are suspects for 
altered bases. 

A problem in large scale diagnostic DNA sequencing is 
handling large numbers of samples from patients. Using the 10 
approach just outlined, a third or a fourth cycle of oligo- 
nucleotide ligation could be accomplished creating an array 
of 20-mers specific for the target sample. Such arrays would 
be capable of picking up unique segments of genomic DNA 
in a sequence specific fashion and detecting any differences 15 
in them in sample comparisons. Each array could be custom 
designed for one individual, without any DNA sequence 
determination and without any new oligonucleotide synthe- 
sis. Any subsequent changes in that individual's DNA such 
as caused by oncogenesis or environmental insult, might be 20 
easily detectable. 

Example 14 

Positional sequencing by hybridization. Hybridization 
was performed using probes with five and six base pair 
overhangs, including a five base pair match, a five base pair 
mismatch, a six base pair match, and a six base pair 
mismatch. These sequences are depicted in Table 5. 



TABLE 5 
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Test Sequences: 



5 bp overlap, perfect match: 

y-TCG AGA ACC TTG GCT»-3' 

y-CTA CTA OGC TGC GTA GTC 

5'.b«*in-GAT GAT COG ACG CAT CAG AGC TC-3' 

5 bp overlap, mismatch at 3' end: 

y-TCG AGA ACC TTG OCT* -3' 

y-CTA CTA GGC TGC GTA GTC 

S-bkxin-GAT GAT CCG ACG CAT CAG AGC TT-3' 

6 bp overlap, perfect match: 

y-TCG AGA ACC TTG GCT*-3* 

y-CTA CTA GGC TGC GTA GTC 

y-bkxm-GAT GAT CCG ACG CAT CAG AGC TCT-3* 

6 bp overlap, mismatch four bases from 3' end: 

y-TCG AGA ACC TTG GCT*3' 

3 -CTA CTA GGC TGC GTA GTC 

S-bkXin-GAT GAT CCG ACG CAT CAG ACT TCT-3* 



(SEQ ID NO 1) 
(SEQ ID NO 2) 
(SEQ ID NO 3) 



(SEQ ID NO 1) 
(SEQ ID NO 2) 
(SEQ ID NO 4) 



(SEQ ID NO 1) 
(SEQ ID NO 2) 
(SEQ ID NO 
13) 



(SEQ ID NO I) 
(SEQ ID NO 2) 
(SEQ ID NO 
14) 



The biotinylated double-stranded probe was prepared in 
TE buffer by annealing the complimentary single strands 
together at 68° C. for five minutes followed by slow cooling 
to room temperature. A five-fold excess of monodisperse. 
polystyrene-coated magnetic beads (Dynal) coated with 
streptavidin was added to the double-stranded probe, which 
as then incubated with agitation at room temperature for 30 
minutes. After ligation, the samples were subjected to two 
cold (4° C.) washes followed by one hot (90° C) wash in TE 
buffer (FIG. 12). The ratio of 3i P in the hot supernatant to the 
total amount of 32 P was determined (FIG. 13). At high NaCl 
concentrations, mismatched target sequences were either not 
annealed or were removed in the cold washes. Under the 
same conditions, the matched target sequences were 
annealed and Ugated to the probe. The final hot wash 



removed the non -biotinylated probe oligonucleotide. This 
oligonucleotide contained the labeled target if the target had 
been Ugated to the probe. 

Example 15 

Compensating for variations in base composition. A major 
problem in all suggested implementations of SBH is the 
rather marked dependence of T m on base composition, and. 
at least in some cases, on base sequence. The use of unusual 
salts like tetramethyl ammonium halides or betakes (W. A. 
Rees et al.. Biochemistry 32:137-44. 1993) offers one 
approach to minim izing these varieties. Alternatively, base 
analogs like 2,6-diamino purine and 5-bromo U can be used 
instead of A and T. respectively to increase the stability of 
A-T base pans, and derivatives like 7-deazaG can be used to 
decrease the stability of G-C base pairs. The initial experi- 
ments shown in Table 2 indicate that the use of enzymes will 
eliminate many of the complications due to base sequences. 
This gives the approach a very significant advantage over 
non-enzymatic methods which require different conditions 
for each nucleic acid and are highly matched to GC content 
Another method to compensate for differences in stability 
is to vary the base next to the stacking site. Experiments are 
performed to test the relative effects of all four bases in this 
position on overall hybridization discrimination and also on 
relative ligation discrimination. Base analogs such as dU 
(deoxyuridine) and 7-deazaG are also tested as components 
of the target DNA to see if these can suppress effects of 
secondary structure. Single-stranded binding proteins may 
also be helpful in this regard. 

Example 16 

Data measurement, processing and interpretation. Highly 

35 automated methods for raw data handling and generation of 
contiguous DNA sequence from the hybridization are 
required for analysis of the data. Two methods of data 
acquisition have been used in prior SBH efforts. CCD 
cameras with fluorescent labels and image plate analyzers 

40 with radiolabeled samples. The latter method has the advan- 
tage that there is no problem with uniform sampling of the 
array. However it is effectively limited to only two color 
analysis of DNA samples, by the use of 35 S and 32 P. 
differentially imaged through copper foil. In contrast, while 

45 CCD cameras are less well developed, the detection of many 
colors is possible by the use of appropriate exciting sources 
and filters. Four colors are available with conventional 
fluorescent DNA sequencing primers or terminators. More 
than four colors may be achievable if infra-red dyes are 

50 used. However, providing uniform excitation of the fluores- 
cent array is not a trivial problem. Both detection schemes 
are used and the image plate analyzers are sure to work. The 
CCD camera approach will be necessary if some of the 
multicolor labeling schemes described in the proposal are 

55 ever to be realized. Label will introduced into targets by 
standard enzymatic methods, such as the use of 5* labeled 
PCR primers, for 5' labeling, internally alpha 32 P labeled 
triphosphates or fluorescent-labeled base analogs for inter- 
nal labeling, and similar compounds by fllting in staggered 

60 DNA ends for 3' labeling. 

Both the Molecular Dynamics image plate analyzer and 
the Photometries cooled CCD camera can deal with the 
same TIFF 8 bit data formate. Thus, software developed for 
either instrument can be used to handle data measured on 

65 both instruments. This will save a great deal of unnecessary 
duplication in data processing software. Sequence interpre- 
tation software can be developed for reacting sequencing 
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chip data and assembling it into contiguous sequence are 
already underway in Moscow, at Argonne National 
Laboratory, and in the private sector. Such software is 
generally available in the interested user community. The 
most useful examples of this software can be customized to 
fit the particularly special needs of this approach including 
polychromatic detection, incorporation of positional 
information, and pooling schemes. Specific software devel- 
opments for constructing and decoding the orthogonal pools 
of samples that may ultimately be used are being developed 
because these, procedures are also needed for enhanced 
physical mapping methods. 

Example 17 

Generation of master beads. The general procedure for the 
generation of master beads is depicted in FIG. 14. Forty 
microliters of Dynabcads M-280 Streptavidin were washed 
twice with 80 pi of TE (bead concentration of 5 mg/ral). 
Final concentration of beads was about 5-10 pmoles of 
biotinylated oligo for 40 ug of beads in a total volume of 80 
pi. East test oligo. in the form 5-biotin-Nt N 2 N 3 N 4 N 5 -10 
bp-3\ was dissolved in TE to a concentration of 10 pmol/40 
ul (250 nM). Eighty microliters of oligo were added and the 
mixture shaken gently for 15 minutes in a vortex at low 
speed. 

TABLE 6 
Stock solutions of MPROBEN in 1 ml Th pH 7.5 

MPROBEA 94 jig 12,200 pmol 20 ji) in 1 ml 
MPROBEC 121 Mg 15^00 pmol 16 yii in 1 ml 
MPROBEG 94 \ig 12^00 pmot 20 pi in lml 
MPROBET 147 19.200 pmot 13 pi in 1 ml 

Stock solution of MCOMPBIO m 5 ml Tb pH 7.5 

MCOMPBIO 464,000 pmol 5 M l in 1.85 ml 



Tubes were placed in the Dynal MFC apparatus and the 
supernatant removed. Unbound streptavidin sites were 
sealed with 5 ul of 200 uM free biotin in water. Wash the 
beads several times with 80 ul TE. These beads can store in 
this state at 4° C. for several weeks. 

250 nM of 5-biotinylated 18 base nucleic acid (the 
complement of the constant region) served as primer for 
enzymatic extension of the probe region. The tube was 
heated to 68° C. and allowed to cool to room temperature. 
Beads were kept in suspension by tipping gently. Superna- 
tant was removed and washed with 40 ul TE several times. 
The tube was removed from the magnet and the beads 
re suspended in 40 ul of TE to remove excess complement 
The bead suspension was equally divided among 4 tubes and 
the stock tube washed with the wash divided among the 
tubes as well. Supernatant was removed and washed with 
water. Each tube contained about 2-5 pmol of DNA (28-72 
ng; see Table 6). 

Polymerase I extension was performed on each tube of 
DNA in a total of 13 pi as follows (see Table 7): NEB buffer 
concentration was 10 mM Tris-HCl. pH 7.5, 5 roM MgCl 2 , 
7.5 mM DOT; 33 uM d(N-NJIP mix: 2 uM+ 32 P dN.TP 
complimentary to one of the N ( bases; and polymerase I 
large fragment (klenow). In the first well was added rfTTP, 
dCTP and dGTP. to a concentration of 33 mM. 32 P-dATP was 
added to a concentration of 3 uM. dNTP stock solutions of 
200 mM were pooled to lack the labelled nucleotide (Le. 
Tube A contains C.G and T) adding 63 ul dNTP. 5 ul 200 
MM dNTP. and 43 ul water. Radioactively labeled (*dNTP) 
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stock solutions were 20 uM prepared from 2 pi |or ,2 P| dNTP. 
5 ul 200 uM dNTP. and 43 ul water. 



TABLE 7 



5 



10 



TUBE* 


A 


C 


G 


T 


10 x buffer 


1.3 ixl 


1.3 m) 


1.3 Ml 


1.3 Ml 


dATP 


1.5 Ml* 


21 Ml 


2.1 Ml 


21 Ml 


dCTP 


2.1 pi 


1.5 Ml* 


2.1 m! 


2.1 Ml 


dGTP 


2.1 pi 


2.1 Ml 


1.5 Ml" 


2.1 Ml 


dTTP 


2.1 Ml 


11 Ml 


2.1 M l 


1.5 Ml* 


Enzyme 


I Ml 


1 Ml 


1 Ml 


1 Ml 


of stock 


5U 


5U 


5U 


5U 


H,0 


1.9 m! 


1.9 ^ 


1.9 Ml 


1.9 m! 



The tubes were incubated at 25° C. for 15 niinutes. To 
optimize the yields of enzymatic extension, higher concen- 
trations of dNTPs and longer reaction time may be required. 
The reaction was stopped by adding 4 ul of 50 mM EDTA 
to a final concentration of 11 uM. The supernatant was 
removed and the beads rinsed with 40 ul of TE buffer several 
times and resuspended in 35 ul of TE. The whole tube was 
counted and it was expected that there would be about 8% 
incorporation of the label added. 

As a test of the synthesized oligo transfer, magnetic beads 
were suspended in 50 ul of 0. IM NaOH and incubated at 
room temperature for 10 minutes. The supernatant from each 
tube was removed and transfer to fresh tube. Beads were 
incubated a second time with 50 ul of 0.1M NaOH. As many 
counts seemed to remain, the first set of beads were heated 
to 68° C. in 50 ul NaOH which leached out a lot more 
counts. Each base was neutralized with 1M HC1 followed by 
50 ul of TE. Fresh Dynabcads were added to the melted 
strand and incubated at room temp for 15 minutes with 
gentle shaking. Supernatants were removed and saved for 
counting. The beads were washed several times with TE. 
Results are shown in Table 8. 



TABLE 8 
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Incorporation of label (MPROBEC 5 -CATGG- 


-) 




A 


28,71 l>779.480 






C 


35,193/574,760 






O 


15,335/754,400 






T 


43,048/799,440 






Transferred 


Nco bound Uomehed 


Efficiency 


A 


9,812 


2330 10,419 


43.4% 


C 


13453 


3,950 8,494 


$1.4% 


G 


5,621 


2,672 1,924 


55.0% 


T 


15,898 


5,287 5.942 


58.6% 



Transferred refers to synthesized strand captured on fresh 
beads. Unbound refers to the synthesized strand that was not 
captured by the bead and unmelted refers to counts remain- 
55 ing on the original beads. As can be observed, between about 
43% and 58% of the newly synthesized strands were suc- 
cessfully transferred indicating that an array of such strands 
could be successfully replicated. 

Example 18 

A procedure for making complex arrays by PCR. A 
slightly complex, but considerably improved scheme to test 
the generality of the new approach to SBH, without the need 
to synthesize, seprately. all 1024 five-mer probes has been 
65 developed. This procedure allows one to generate arrays 
with 5'- and/or 3'-overhangs and uses PCR to prepare the 
final probes used for hybridization which may easily be 
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labeled with biotin. It also builds in a way of learning part 
or even all of the identity of each probe sequence. 

Chemical synthesis was used to make the following 
sequences: 

(a) 

KKITCTAGAGCrAGC-.V (SEQ ID NO 15) 
(b) S'-CTCGAGAGTTQACGCTACCARNNNNY 

3SCTCTAGACCCGGG-3' (SEQ ID NO 16) 
Next, enzymatic extension of the apropriate primers using 
a DN A polymerase in the presence of high concentrations of 
dNTPs was used to make the complementary duplexes. In 
the above sequences. N represents an equimolar mixture of 
all 4 bases; R is an equimolar mixture of A and G; and Y is 
an equimolar mixture of T and C The underlined sequences 
are Bst XI and Hga I recognition sites. 



-continued 



y-CTCGAG-T Xbot 5'-C . TCGAG-3' 

.V-GAGC-IC-? -+ y-GAGCT C-5' 

y-CCCGGG-3' Xznal 5'-C CCGGG-3' 

5 3-GGGCCC-5' -» 3-GGGCC C-5* 



Those cloning sites are chosen such that, even with the 
degeneracy allowed by the sequences 5'-YNNNNR-.T and 
5-RNNNNY-.T, these enzymes will not cleave the probe 
to regions. For cloning, duplexes (a) were cleaved with both 
Sal I and Nhe I restriction enzymes (or duplexes (b) with 
Xho I and Xma L The resulting digestion products were 
direetionally cloned into an appropriate vector (e.g.. 
plasmid. phage, etc.). suitable cells were transforned with 
the vector, and colonies plated. Individual clones were 
picked and their DNA amplified by PCR using vector 



(a) S'-GTCGAC AGTT G ACGC T ACC A YNNNNRTGGTCT AG AGCT AGC-3' (SEQ ID NO 15) 

3'-AGATCTCGATCG-5* (SEQ ID NO 17) 



(a) 5'-GTCGACAGTTGACGCTACCAYNNNNRTGGTCTAGAGCTAGC .3' (SEQ ID NO 15) 
3'-CAGCTGTCAA CTGCGA T GCrr RNNNN YACCA GATCTCGATCG>S' (SEQ ID NO 18) 

(b) 5 -CTCGAGAGTT GACGCT ACCARNNNNYTGGTCT AGACCCOGG-3' (SEQ ID NO 1 6) 

3--AOATCTGGGCCC-5' (SEQ ID NO 19) 



(b) 5'-CTCGAGAGTTGACGCT A CCAR NNNNY TGGT CT AGACCCGGG-3' (SEQ ID NO 16) 
3'^AGCTCTCAA CTGCGA TGGTYNNNNRACCAGATCTGGGCCC -5' (SEQ ID NO 20) 

The seqences were designed with these internal Bst 35 sequences downstream and upstream from the cloned 
XI- cutting site which allows for the generation of sequences as the primers. This was done to increase the 
complementary, 4 base 3 1 - overhanging single-strands which length of the PCR products to ease the manipulation of these 
can be coverted to 5 base 3*-overhangs (see below) used for products. The probe regions from individual clones were 
the type of positional SBH shown in FIG. 2A. amplified by PCR with one biotinylated primer correspond- 



(SEQ ID NO 21) 5'-CCANNNNNNTGG-3' BstXI 5*-CCANNNNN NTGG-3' 
(SEQ ID NO 22) 3'-GGTNNNNNNACC-5' . 3'-GGTN NNNNNACC-5* 
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The Hga I-cutting site overlaps with the Bst Xl-cutting 
site and allows for the generation of 5 base 5'-overhanging 
single-strands. This is the structure needed for the type of 
postional SBH shown io FIG. 2B. and can also be used for 
subsequent sequencing of the overhangs by primer exten- 
sion. 



ing to the 5'-bases of the bottom strand. In a separate PCR. 
the lcoations of the biotins were reversed. The resulting PCR 
products in each case were cleaved with Bst XL and the 
biotin-labeled products captured on streptavindin beads or 
surfaces. Note that by using PCR amplification instead of 



(SEQ ID NO 23) ^ACGCNNNNNNNNNNO' Hgal 5'-GAC GCNNNNNNNNNN-3' 
(SEQ ID NO 24) 3XTGCGNNNNNNNNNN-5' -►-»-► 3^CTCK:CiNNNNNNNNNN-5' 



The 5'- and ^terminal sequences of strand (a) are also 
recognition sites for Sal I and Nhe I. respectively; the 
corresponding sequence in strand (b) are recognition sites 
for Xho I and Xma I. respectively: 



S'-GTCGAC-y Sal! 5-G TCGAC-3" 

y-CAGCTC-S" 3-CAGCT G-5* 

S-GCTAQC-3' Nbel 5-G CXAGC-3* 

3'-CGA3CG-5' 3-CGATC G-5* 



DNA purification, the need to separately purify and bioti- 
nylate each clone is also eliminated. 
In parallel, all the PCR products were cleaved by Hga I 
60 which generates 5'-overhangs consisting of randomized 
sequences. The identity of each clone can then be deter- 
mined by separate primer extensions of each of the two DNA 
pieces resulting from Hga I cleavage. For each pair of 
sequences, which derive from the same clone, the overhangs 
65 must be complementary. Therefore, sequencing just three 
bases on each fragment strand will given the entire structure 
of two probes. This plus/minus sequencing can be done in 
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microtirc plates and is easily automated. It will fail only in 
the few cases were 5'-RNNNNY-3' in strand (b) contains 
5'-GACGC-3\ which is the recognition site for Hga L The 
number of prier extension reactions required can be reduced 
by synthesis of more restricted pools of sequences. For 
example, using 4 pools where the base in one particular 
postion is known in advance, such as 5'-YNNANR-3'. 

To make the probes needed for positional SBH (as sown 
in FIG. 2A). the duplex PCR products are first attached to a 
solid support through streptavidin. They are then cleaved 
with Bst XI to generate the following pairs of products: 

S'-B-GTCGACAGTTGACGCTACCAYNNNN-B* (SEQ 
ID NO 25) 

3 , -CAGCTGTCAACTGCGXrGGTR-5' (SEQ ID NO 
26) 

5'-B-GCTAGCTCTAGACCAYNNNN-T (SEQ ID NO 
27) 

3 , -CGArCGAGArcrGGTR-5' (SEQ ID NO 28) 
5 , -B-C^CGAGAGT^GACGC^ACCARNN^rN-3 , (SEQ 
ID NO 29) 

3'-GAGCTCTCAACTGCGATGGTY-5' (SEQ ID NO 30) 
S'-B-CCCGGGTCTAGACCARNNNN^' (SEQ ID NO 
31) 

3 , -GGGCCCAGATCTGGTY-5' (SEQ ID NO 32) 
The 5 base 3' overhangs needed for positional SBH are 
made by replacing the complementary (non-biotinylated) 
strands with constant strands which are one base shorter. 
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5'-B<n'CGACAGTTGACGCTACCAYNNNN-3' (SEQ 
ID NO 25) 

3 , -CAGC^GTCAACTGCGA^GGT-5 , (SEQ ID NO 33) 

5-B-GCTAGCTCTAGACCAYNNNN-3' (SEQ ID NO 
27) 

S-CGATCGAGArCTGGT-S* (SEQ ID NO 34) 
S'-B^CGAGAGTTGACGCTACCARNN^ .T (SEQ 
ID NO 29) 

10 3 , -GAGCTCrcAACTGCGAXGGT-5' (SEQ ID NO 35) 
5 -B<:CCGGGTCTAGACCARNNNN-3' (SEQ ID NO 
31) 

3 , -GGGCCCAGA^C^CKJ^-5 , (SEQ ID NO 36) 
15 This generates the 5 base 3'-overhanging arrays amenable 
to extension with Sequenase version 2.0 after the ligation 
step shown in FIGS. 2A and B. Randomly chosen arrays of 
5.120 (5x coverage) are needed to ensure that all of the 
sequences (>99%) are present, but this array is much larger 
^ than optimal. In practice, a library will need only provide 
approximately 63% of the sequences and. if necessary, can 
be supplemented to fill in the missing variable clones by 
direct synthesis. 

Other embodiments and uses of the invention will be 
25 apparent to those skilled in the an from consideration of the 
specification and practice of the invention disclosed herein. 
It is intended that the specification and examples be con- 
sidered exemplary only, with the true scope and spirit of the 
invention being indicated by the following claims. 



SEQUENCE LISTING 



( J ) GENERAL INFORMATION: 

<iii) NUMBER OF SEQUENCES: 4ft 



{ 2 ) INFORMATION FOR SEQ ID NO: 1: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 15 base pair* 
( B ) TYPE: ooddc acid 

( C ) STRANDEDNE5S; single 

< D ) TOPOLOGY: linear 

( x i > SEQUENCE DESCRIPTION: SEQ ID NO.1: 
TCOOTTCCAA OAOCT 



( 2 ) INFORMATION FOR SEQ ID NO:2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 18 base pairs 
( B ) TYPE: oocksc *ad 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: tear 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO.2: 

CTOATGCGTC OGATCATC 



( 2 ) INFORMATION FOR SEQ ID NCX3: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 bate pairs 
< B ) TYPE: MKkaC ackd 

( C ) STRANDEDNESS: sasgk 
l D > TOPOLOGY: Bncar 



fn) SEQUENCE DESCRIPTION: SEQ ID NOJ: 
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GATGATCCGA COCATCAOAG CTC 

I : » INFORMATION FOR SBQ ID NO.4: 

( i > SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 23 base pan 
( B > TYPE: nucleic acid 
( C > STRANDEDNESS: sm&c 
( D > TOPOLOGY: haca 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

GATGATCCGA CGCATCACAG CTT 



( 2 ) INFORMATION FOR SBQ ID NOJ: 

4 i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pan 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Ibex 

( * i ) SEQUENCE DESCRIPTION: SEQ ID NCh5: 

GATOATCCOA COCATCAOAC CTA 

I 2 > INFORMATION FOR SEQ ID NO36: 

< i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 23 base pain 
( B ) TYPE: mckk aead 
I C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: Euear 

( s i ) SEQUENCE DESCRIPTION: SEQ ID NO& 

GATGATCCGA COCATCAGAG CCC 

( 2 ) INFORMATION FOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 fane pun 
( B ) TYPE: aockk acid 
( C ) STRANDEDNESS: nagfe 
( D ) TOPOLOGY: hattt 

( i 1 ) SEQUENCE DESCRIPTION: SEQ ID N07: 

GATGATCCGA COCATCAGAG TTC 

( 2 ) INFORMATION FOR SEQ ID NCh8: 

< t ) SEQUENCE CHARACTERISTICS: 

( A > LENGTH: 23 base pairs 

< B > TYPE: Backie add 

< C ) STRANDEDNESS: taste 
( D >TOPOLOGY: Eaear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

GATGATCCGA COCATCAGAA CTC 



( 2 ) INFORMATION FOR SEQ ID N09: 

f i I SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pain 
( B ) TYPE: oockac acid 
( C ) STRANDEDNESS: uagfc 
( D ) TOPOLOGY: fiaear 

Hi j SEQUENCE DESCRIPTION: SEQ ID NO*: 

GATGATCCGA COCATCAGAG A T C 
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( 2 > INFORMATION FOR SEQ ID NO: 10: 



I i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pain 

< B ) TYPE: nucleic acid 

< C > STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

< i i ) SEQUENCE DESCRIPTION: SEQ ID NO.lO: 

GATGATCCGA CGCATCAGAG CTT 23 



( 2 ) INFORMATION FOR SEQ ID NO:ll: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pun 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: tmgk 
( D ) TOPOLOGY: lines 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO.ll: 

GATGATCCGA CGCATCAOAT ATC 23 



( 2 ) INFORMATION FOR SEQ ID NOt2: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH 23 base pairs 
( B ) TYPE: mcleic acid 
( C ) STRANDEDNESS: tingle 
< D ) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ CD NO 12: 
GATGATCCGA COCATCAGAT ATT 



( 2 ) INFORMATION FOR SEQ ID NO:13: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pairs 
( B ) TYPE: □□clctc acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

( x » ) SEQUENCE DESCRIPTION; SEQ ID NO.13; 

GATOATCCGA CGCATCAGAG CTCT 24 



( 2 ) INFORMATION FOR SBQ tD NO: 14: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 base pairs 
( B ) TYPE: nucleic and 
( C ) STRANDEDNESS: single 
f D ) TOPOLOGY: lineaT 



(xi ) SEQUENCE DESCRIPTION: SEQ ID NOW: 
GATOATCCGA COCATCAOAG TTCT 



( 2 ) INFORMATION FOR SEQ ID NO:l5: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 41 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Kneor 

SEQUENCE DESCRIPTION: SEQ tt> NO: 15: 



GTCOACAOTT GACGCTACCA YNNNNRTOGT CTAGAOCTAO C 
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( 2 > INFORMATION FOR SEQ ID NO:16: 

I i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 41 taw pans 
( B ) TYPE: ouckk acid 

< C I STRANDEDNESS: single 
( D l TOPOLOGY: linear 

I x i I SEQUENCE DESCRIPTION: SEQ ID NO 16: 

CTCGAGAOTT OACGCTACCA RNNNNYTGGT CTAGACCCGG G 

I 2 ) INFORMATION FOR SEQ ID NO: 17: 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 12 tmc pan 
( B ) TYPE: axkk acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

< * i > SEQUENCE DESCRIPTION: SEQ ID NO:l7: 

GCTAGCTCTA G A 

< 2 > INFORMATION FOR SEQ ID NO:! 8: 

< i ) SEQUENCE CHARACTERISTICS: 
I A ) LENGTH: 41 base pro 
( B ) TYPE: aadac oad 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: Hoc* 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO; 18: 

GCTAGCTCTA GACCAYNNNN RTGGT AOCGT CAACTGTCOA C 

( 2 ) INFORMATION FOR SEQ ID NO 19: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 12 base pun 
( B ) TYPE: aackic acid 

< C ) STRANDEDNESS: tagfe 
( D ) TOPOLOGY: tinear 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

CCCGOOTCTA GA 

( 2 ) INFORMATION FOR SBQ ID NO JO: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 41 base pen 
( B ) TYPE: nucleic acid 

( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

( i i ) SEQUENCE DESCRIPTION: SBQ ID NO20: 

CCCGGGTCTA GACCARNNNN YTGGTAGCGT CAACTCTCGA G 

( 2 ) INFORMATION FOR SEQ ID N021: 

( i ) SEQUENCE CHARACTERISTICS: 
f A 1 LENGTH: 12 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: tingle 
( D > TOPOLOGY: fanear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N021: 

CCANNNNNNT GO 



( 2 ) INFORMATION FOR SEQ ID N022: 
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I i V SEQUENCE CHARACTERISTICS: 

< A » LENGTH: 12 bate pen 

< B )TYPE: mickx acid 

( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

(i i ) SEQUENCE DESCRIPTION: SEQ Q> NO .22: 

CCANNNNNNT GG I 2 



< 2 ) INFORMATION FOR SEQ ID NO:23: 

( i ) SEQUENCE CHARACTER] ST1CS: 

< A \ LENGTH: 15 base past 

< & ) TYPE: aockk acid 

< C ) STRANDEDNESS: smgfe 

< D ) TOPOLOGY: linear 

( * i ) SEQUENCE DESCRIPTION: SEQ ID NCK23: 
GACOCNNNNN NNNNN 



( 2 ) INFORMATION FOR SEQ ID NO:2*: 

< i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 15 hue pain 
( B > TYPE: nuefck add 
( C ) STRANDEDNESS: angle 
( D > TOPOLOGY: linear 

( t i ) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

NNNNNNNNNN OCGTC 1 5 



( 2 > INFORMATION FOR SEQ ID NO:25: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 25 base pain 
( B ) TYPE: nucleic acid 
{ C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

( I i ) SEQUENCE DESCRIPTION: SEQ ID NO;25; 

OTCOACAGTT OACOCTACCA YNNNN 25 



( 2 ) INFORMATION FOR SEQ ID NO:26: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 21 base pan 

< B ) TYPE: mclek add 

( C ) STRANDEDNESS: txngfe 
( D ) TOPOLOGY: linear 

( % i ) SEQUENCE DESCRIPTION: SEQ ID NOt26: 

RTOGTAGCCT CAACTGTCGA C 2 1 



( 2 ) INFORMATION FOR SBQ ID N027; 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 20 base pain 
( B > TYPE: nucleic add 
( C > STRANDEDNESS: single 
f D > TOPOLOGY: Eaear 

( a i ) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

GCTAGCTCTA GACCAYNNNN 20 



f 2 ) INFORMATION FOR SEQ ID N028: 



( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 16 base pans 
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i C » STRAKDEDNESS: single 
< D » TOPOLOGY: Knew 



(li) SEQUENCE DESCRIPTION: SEQ ID N02S: 
RTGGTCTAGA GCTAGC 



< 2 > INFORMATION FOR SEQ ID NC09: 

{ i > SEQUENCE CHARACTER] ST1CS: 
( A j LENGTH: 25 base pom 
{ B (TYPE: nucleic add 
( C 1 STRAKDEDNESS: tingle 
( D > TOPOLOGY: linear 

SEQUENCE DESCRIPTION: SEQ ID NO-.29: 

CTCGAGAOTT GACOCTACCA RNNNN 23 



( 2 ) INFORMATION FOR SEQ ID NO-JO: 

1 i ) SEQUENCE CHARACTERISTICS: 
( A i LENGTH: 21 base pain 
( B | TYPE: nucleic acid 
t C > STRANDEDNESS: «ngk 
( D ) TOPOLOGY: linear 

(li) SEQUENCE DESCRIPTION: SEQ ID NOJO: 

YTGOTAGCGT CAACTCTCOA G 21 



( 2 ) INFORMATION FOR SEQ ID NO-31: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A > LENGTH: 20 base pan 
( B ) TYPE: ascitic acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SBQ ED NOJl : 

CCCOOOTCTA GACCARNNNN 20 



( 2 ) INFORMATION FOR SEQ ID N032: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 baas pain 
( B > TYPE: nucleic acid 
( C ) STRANDEDNESS: tingle 
( D > TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SBQ CD NO-32: 

YTOGTCTAOA CCCGGG »6 



( 2 ) INFORMATION FOR SEQ ID N033: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 tax pain 
( B ) TYPE: oodeic acid 
( C ) STRANDEDNESS: Rack 
( D ) TOPOLOGY: linear 

( x i > SEQUENCE DESCRIPTION: SEQEDN033: 

TOOTAOCOTC AACTOTCGAC 20 



( 2 ) INFORMATION FOR SBQ ID NO-34: 

( i ) SEQUENCE CHARACTERISTICS: 
I A 1 LENGTH: 15 base pain 
( B ) TYPE: oockac add 
i C 1 STRANDEDNESS: Kngle 
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< D ) TOPOLOGY: lines 
Iti 1 SEQUENCE DESCRIPTION: SEQ ID N034: 
TOGTCTAGAG .CTAGC 



( 2 I INFORMATION FOR SEQ ID NO 35: 

( \ ) SEQUENCE CHARACTERISTICS: 
I A ) LENGTH: 30 base pan 
( B > TYPE: iwclrit arid 
< C > STRANDEDNESS: single 
{ D ) TOPOLOGY: linear 

( * i ) SEQUENCE DESCRIPTION: SEQ ID N035: 

TGGTAGCGTC AACTCTCGAG 20 



( 2 ) INFORMATION FOR SEQ ID NO-J6: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 15 base pain 
( B ) TYPE: oneiric acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: bear 

i x i ) SEQUENCE DESCRIPTION: SEQ ID NO 36: 

TGOTCT AG AC CCGOG 1 5 



i 2 I INFORMATION FOR SEQ ID NO-J7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 base pain 
( B ) TYPE: nucleic arid 
( C ) STRANDEDNESS: imgk 
( D ) TOPOLOGY: hsear 

( X i > SEQUENCE DESCRIPTION: SEQ ID NOT?: 

OCAGCNNNNN NNN 1 3 



( 2 ) INFORMATION FOR SEQ ID NO-38: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 base pain 
( B ) TYPE: oneiric acid 
( C ) STRANDEDNESS: nagk 
( D ) TOPOLOGY: tines 

< x i ) SEQUENCE DESCRIPTION: SEQ ID N038: 

NNNNNNNNNN NNGCTGC I 7 



( 2 ) INFORMATION FOR SEQ ID NOJ9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: U hue pan 
( B ) TYPE: nocksc arid 
( C ) STRANDEDNESS: cage 
( D ) TOPOLOGY: lmear 

f i i ) SEQUENCE DESCRIPTION: SEQ ID NO-J9; 

OCCNNNNNOG C I | 



< 2 ) INFORMATION FOR SEQ ID NO:40: 

( i ) SEQUENCE CHARACTERISTICS: 
f A ) LENGTH: 12 base pain 
{ B )TYPE: ouc trie arid 
( C > STRANDEDNESS: unfile 
( D > TOPOLOGY: linear 
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t a i ) SEQUENCE DESCRIPTION: SEQ ID NO.40; 
CCANNNNNNT GO 

< 2 ) INFORMATION FOR SEQ ID NO.41: 

( i ) SEQUENCE CHARACTERISTICS: 
( A l LENGTH: 14 base pan 
( B i TYPE: oucksc acid 
( C I STRANDEDNESS: uagfc 
( D > TOPOLOGY: linear 

Hi ) SEQUENCE DESCRIPTION: SEQ ID N041: 

OGATGNNNNN NNNN 

( 2 ) INFORMATION FOR SEQ ID NO:42: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 base pain 
( B ) TYPE: nockic acid 

< C ) STRANDEDNESS: single 
( D >TOt*XjOQY:hnear 

(xt) SEQUENCE DESCRIPTION: SEQ ID NO:42: 

' NNNNNNNNNN NNNCATCC 

( 2 ) INFORMATION FOR SEQ ID NO*3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 10 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: ringfc 
( D > TOPOLOGY: baaai 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO 43: 

OACOCNNNNN 

< 2 ) INFORMATION FOR SEQ ID N044: 

( i ) SEQUENCE .CHARACTERISTICS: 

< A ) LENGTH: 15 base pain 
( B ) TYPE: fnckac acid 

( C ) STRANDEDNESS: nagfe 
( D )TC*OLOOY:&>e*r 

( * i ) SEQUENCE DESCRIPTION: SEQ ID NO**: 

NNNNNNNNNN GCOTC 



( 2 ) INFORMATION FOR SEQ ID NO:45: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: U base pain 
( B )TYPE: auckk acid 
( C ) STRANDEDNESS: ta&c 
( D > TOPOLOGY: linear 

( & i ) SEQUENCE DESCRIPTION: SEQ ID N045 : 

CCANNNNNTG G 1 » 



< 2 ) INFORMATION FOR SEQ ID NOt46: 

( t ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 10 base pain 
( B ) TYPE: nucleic acid 

< C ) STRANDEDNESS: tingjc 
( D ) TOPOLOGY: linear 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:46: 
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GCATCNNNNN 



( 2 l INFORMATION FOR SEQ ID NO:*7: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 14 base pairs 

< B )TYPE: nodacadd 

< C ) STRANDEDNESS: tuple 

< D ) TOPOLOGY: line* 

( x i ) SEQUENCE DESCRIPTION; SEQ ID NO:47: 



( 2 ) INFORMATION FOR SEQ CD NO:48: 

f i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 base pain 
( B ) TYPE: oDckic acid 
{ C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

< x i ) SEQUENCE DESCRIPTION: SEQ ID NO:48: 

OGCCNNNNNG OCC 



We claim: 

1. A method for replicating an array of single-stranded 
probes on a solid support comprising the steps of: 

a) synthesizing an array of nucleic acids each comprising 
a non-variant sequence of length C at a 3 -terminus and 
a variable sequence of length R at a 5 -terminus; 

b) fixing the array to a first solid support; 

c) synthesizing a set of nucleic acids each comprising a 
sequence complementary to the non- variant sequence; 

d) hybridizing the nucleic acids of the set to the array; 

e) enzymatically extending the nucleic acids of the set 
using the variable sequences of the array as templates; 

f) denaturing the set of extended nucleic acids; and 

g) fixing the denatured nucleic acids of the set to a second 
solid support to create the replicated array of single- 
stranded probes. 

2. The method of claim 1 wherein the nucleic acids of the 
set are conjugated with biotin and the second solid support 
comprises streptavidin. 

3. The method of claim 1 wherein the nucleic acids of the 
array are between about 15-30 nucleotides in length and the 
nucleic acids of the set are between about 10-25 nucleotides 
in length. 

4. The method of claim 1 wherein C is between about 
7-20 nucleotides and R is between about 3-5 nucleotides. 

5. The method of claim 1 wherein the solid supports are 
selected from the group consisting of plastics, ceramics, 
metals, resins, gels, membranes and chips. 

6. The method of claim 1 wherein the nucleic acids of the 
set are enzymatically extended with a DNA polymerase and 
one or more deoxynucleotide triphosphates. 

7. The method of claim 1 wherein denaturing is performed 
with heat, alkali, organic solvents, binding proteins, 
enzymes, salts or combinations thereof. 

8. The method of claim 1 further comprising the step of 
hybridizing the replicated array with a second set of nucleic 
acids complementary to the non-variant sequence of the 
replicated array to create a double-stranded replicated array. 

9. The method of claim 1 wherein the solid supports are 
two-dimensional or three-dimensional matrixes. 



10. The method of claim 8 wherein a double-stranded 
portion of the partially double-stranded replicated array 
comprise a restriction endonuclease site. 
30 11. The method of claim 8 wherein the partially double- 
stranded replicated array have 5*- or 3'-overhangs. 

12. The method of claim 8 wherein the partially double- 
stranded replicated array comprises about 4* different 
probes. 

35 13. The method of claim 8 wherein the partially double- 
stranded replicated array comprise a detectable label. 

14. The method of claim 13 wherein the detectable label 
is selected from the group consisting of radioisotopes, stable 
isotopes, enzymes, fluorescent and luminescent chemicals. 

40 chromatic chemicals, metals, electric charges, and spatial 
chemicals. 

15. A method for replicating an array of single- stranded 
probes on a solid support comprising the steps of: 

a) fixing a first array of nucleic acids each comprising a 
45 non-variant sequence of length C at a 3'-texminus and 

a variable sequence of length R at a 5'-terminus to a first 
solid support; 

b) synthesizing a first set of nucleic acids each comprising 
a sequence complementary to the non-variant 

50 sequence; 

c) hybridizing the nucleic acids of the first set to the first 
array; 

d) enzymatically extending the nucleic &cids of the first 
55 set using the variable sequences of the first array as 

templates; 

e) denaturing the first set of extended nucleic acids: 

0 fixing the denatured nucleic acids of the first set to a 
second solid support to create the replicated array of 
6o single-stranded probes; and 

g) hybridizing the replicated array with a second set of 
nucleic acids complementary to the constant sequence 
of the replicated array to create a partially double- 
stranded replicated array. 
65 16. The method of claim 15 wherein the nucleic acids of 
the first set are conjugated with biotin and the second solid 
support comprises streptavidin. 
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17. The method of claim 15 wherein the nucleic acids of 
the first array are between about 15-30 nucleotides in length 
and the nucleic acids of the first set are between about 10-25 
nucleotides in length. 

18. The method of claim 15 wherein C is between about 5 
7-20 nucleotides and R is between about 3-5 nucleotides. 

19. The method of claim 15 wherein the partially double- 
stranded replicated array comprises about 4* different 
probes. 

20. The method of claim 15 wherein the solid supports are 10 
selected from the group consisting of plastics, ceramics, 
metals, resins, gels, membranes and chips. 

21. The method of claim 15 wherein the solid supports arc 
two-dimensional or three-dimensional matrixes. 

22. A method for replicating an array of single-stranded is 
probes on a solid support comprising the steps of: 

a) fixing an array of nucleic acids each comprising a 
non-variant sequence of length C at a 3*-terminus and 
a variable sequence of length R at a 5'-terminus to a first 
solid support; 20 

b) synthesizing a set of nucleic acids each comprising a 
sequence complementary to the non-variant sequence: 

c) hybridizing the nucleic acids of the set to the array; 

d) enzymatically extending the nucleic acids of the set 
using the variable sequences of the array as templates: 



e) denaturing the set of extended nucleic acids: and 

f) fixing the denatured nucleic acids of the set to a second 
solid support with a streptavidin-biotin or an avidin- 
biotin bond to create the replicated array of single- 
stranded probes. 

23. The method of claim 22 wherein the nucleic acids of 
the array are between about 15-30 nucleotides in length and 
the nucleic acids of the set are between about 10-25 nucle- 
otides in length, 

24. The method of claim 22 wherein C is between about 
7-20 nucleotides and R is between about 3-5 nucleotides. 

25. The method of claim 22 wherein the solid supports are 
selected from the group consisting of plastics, ceramics, 
metals, resins, gels, membranes and chips. 

26. The method of claim 22 wherein the nucleic acids of 
the set are enzymatically extended with a DNA polymerase 
and one or more deoxy nucleotide triphosphates. 

27. The method of claim 22 wherein denaturing is per- 
formed with heat, alkali, organic solvents, binding proteins, 
enzymes, salts or combinations thereof. 

28. The method of claim 22 wherein the solid supports are 
two-dimensional or three-dimensional matrixes. 

29. The method of claim 22 wherein the replicated array 
comprises about 4* different probes. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,795,714 
DATED 08/18/98 

INVENTOR(S): Charles R . Cantor et al. 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 



Col. 1, Line 4: Please insert — This invention was made 
with Government support under grant 
number DE-FG02-93-ER61609 awarded by the 
Department of Energy- TRe United States 
Government may have certain rights in 
this invention. — 



Signed and Sealed this 
First Day of June, 1999 




Q. TOO!) DICKINSON 



Attesting Officer 



Acting Ctmmte.xioner oj Patents and Trademarks 



letters to nature 



found to cause a partial change in the monolayer morphology 
resulting in some blocked channels that were not completely filled. 
Unfilled channels (shown as dark in Fig. 3) can be clearly dis- 
tinguished from rilled ones in the SFM phase image due to the 
difference in their viscoelasticity 30 . This material contrast has been 
pursued over macroscopic distances moving along the 'attolitre' 
liquid cavities formed by the channels (a single channel that is 1 cm 
in length can hold up to four attolitres). 

Third, a small droplet of FeCl 3 solution was brought onto the 
structured mica surface and evaporated slowly. The FeCl 3 molecules 
condensing from the vapour phase were selectively adsorbed in the 
guiding channels, whereas the monolayer stripes were not coated 
(Fig. 4, top). The SFM images were taken at positions several 
centimetres away from the droplet. Channels filled with FeCl 3 
molecules provide a contrast in magnetic force microscopy as 
shown in Fig. 4, bottom. 

This method should not be restricted to a specific adsorbate-and- 
substrate pair and may be extended to other rapidly adsorbing 
amphiphilic molecules and polymers; however, no other distinct 
adsorbate-and -substrate pair has yet been investigated. The tiniest 
channels obtained so far with this method are about 100 nm in 
width corresponding to a channel density of 20,000 cm"* 1 . Such 
nano-channel arrays over macroscopic areas may find potential 
applications as chemical or biochemical reaction cavities with 
attolitre capacity, in analytical separation techniques, and as 
textured surfaces. 
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DNA computing was proposed 1 as a means of solving a class of 
intractable computational problems in which the computing time 
can grow exponentially with problem size (the 'NP-complete* or 
non-deterministic polynomial time complete problems). The 
principle of the technique has been demonstrated experimentally 
for a simple example of the hamiltonian path problem 2 (in this 
case, finding an airline flight path between several cities, such that 
each city is visited only once 3 ). DNA computational approaches to 
the solution of other problems have also been investigated 4 " 9 . One 
technique 10 " 13 involves the immobilization and manipulation of 
combinatorial mixtures of DNA on a support. A set of DNA 
molecules encoding ail candidate solutions to the computational 
problem of interest is synthesized and attached to the surface. 
Successive cycles of hybridization operations and exonudease 
digestion are used to identify and eliminate those members of 
the set that are not solutions. Upon completion of all the multi- 
step cycles, the solution to the computational problem is identi- 
fied using a polymerase chain reaction to amplify the remaining 
molecules, which are then hybridized to an addressed array. The 
advantages of this approach are its scalability and potential to be 
automated (the use of solid-phase formats simplifies the complex 
repetitive chemical processes, as has been demonstrated in DNA 
and protein synthesis 14 ). Here we report the use of this method to 
solve a NP-complete problem. We consider a small example of the 
satisfiability problem (SAT) 2 , in which the values of a set of 
boolean variables satisfying certain logical constraints are deter- 
mined. 

Our overall strategy for DNA computing on surfaces has been 
described in detail previously 10 , and consists of six main steps shown 
diagramatically in Fig. 1. Each step in the process must be reason- 
ably efficient for the overall process to succeed; the development of 
these steps has been the subject of previous work 10 " 12 , and may be 
briefly summarized as follows. Oligonucleotides are synthesized 
individually, and pooled or arrayed on surfaces as needed. The 5' 
thiol-modified oligonucleotides (S^s) are attached to the surface in 
an unaddressed fashion; compared to addressed oligonucleotide 

t Present addresses: Gen -Probe, Inc. San Diego, California 92121, USA (Q.L); Corning Inc., Coming, 
New York 14831, USA (A.G.K); Department of Computer Science, University of British Columbia, 
Vancouver, BC V6T 1Z4, Canada (A.EC). 
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arrays' 5,!6 , this allows a greater number of different sequences to be 
deposited per unit area, but necessitates the use of a final 'readout' 
step to determine the identity of the remaining oligonucleotides 
once the computation has been performed 10 . Each DNA "word" 11 
consists of 16 nucleotides with the structure 5'-FFFFwwwwFFFF- 
3'; the internal eight nucleotides (V)are variables and encode the 
information (Table 1); the eight bases labelled *F* are fixed 'word 
labels' that direct DNA hybridization of 16 nucleotide complements 
to that word in the 'mark' operation. The prototype DNA computer 
described here uses a single word. SAT computation is done through 
repeated cycles of mark* 'destroy' and 'unmark' operations 10 
(Fig. 1). Finally, determination of the 'answer' to the computational 
problem of interest is accomplished in a 'readout' operation (see 
Methods). We note that other investigators have also reported 
surface-based approaches to DNA computing; indeed, Adleman's 
first report of DNA computing utilized support chemistry to 
separate DNA molecules 1 ; and more recendy, Morimoto et a/. 17 
and Yoshida and Suyama 18 have described solid-phase procedures 
for DNA computing. 

The SAT problem is an NP-complete problem in boolean logic 2 . 
An instance of the SAT problem consists of a set of boolean logic 
variables separated by the logical OR operation (denoted by "V"; 
u V v = 0 if and only if « = v = 0) within clauses, and with the clauses 
separated by the logical AND operation (denoted by "A "; u A v = 1 
if and only if u = v = 1). The problem is to find whether there are 
values for the variables that simultaneously satisfy each clause in a 
given instance of the problem 2 . The specific SAT problem solved 
here is: 

(w V x V y) A (w V y V z) A (x V y) A (w V y) 

and employs four variables w, x, y and z (w, x, y and z denote the 
negation of the variables w, x, y and z; thus w = 0 if and only if w = 1 , 

1. MAKE 



2. ATTACH 



3. MARK 



11 

X X X X X X X 





4. DESTROY 



Sfj !]_ 



5. UNMARK 



6. READOUT 



111 



ACGTA.. 



Figure 1 Overview of the surface-based approach to DNA computations. A combinatorial 
set of single-stranded DNA molecules representing all possible solutions to a given 
computational problem is synthesized {'make') and immobilized ('attach') on a surface via 
a reactive functional group X. In each of N successive cycles of the DNA computation, 
subsets of the surface-bound combinatorial mixture are tagged by hybridization to their 
complements in a 'mark' operation, rendering them double-stranded. After the 'mark' 
operation, an enzyme (for example, Escherichia coli exonuclease 0 is added which 
destroys surface-bound oligonucleotides present in an unhybridized single-stranded form 
{'destroy'}. The surface is then regenerated by removing all hybridized complements in an 
'unmark' operation. Repetitive cycles of 'mark', 'destroy' and 'unmark' operations remove 
from the surface all strands which do not satisfy the problem. At the end of N cycles, only 
those strands which are solutions to the problem remain. Their identities are determined 
in a 'readout' operation by PCR followed by hybridization to an addressed array. 



and w =1 if and only if w = 0). Each of the four variables can be 
either true (1) or false (0) and thus there are total of 2 4 or 16 
candidate solutions. All methods for solving the SAT problem (on 
any realizable computing device) that have been analysed require a 
number of steps that grows exponentially with the number of 
variables. However, algorithms have been developed for conven- 
tional computing which substantially decrease the difficulty of the 
problem compared to a 'brute-force' search through all possible 
solutions. For example, the best known algorithm for the 3- SAT 
problem, in which the number of variables per clause is at most 3, 
has expected running time bounded by a polynomial time 1.33" for 
large n (ref. 19), a very substantial improvement compared to the 2" 
running time characteristic of the 'brute-force* search. It has 
recently been shown that such algorithms may also be implemented 
in DNA computing approaches, including specifically the 3-SAT 
problem addressed here 6,18 . We show here how 3-SAT may be solved 
using immobilized DNA molecules and a simple 'brute- force' search 
strategy; the more complex operations required to execute more 
sophisticated algorithms are under development. 

The surface-bound oligonucleotide sequences utilized were of the 
form 5'-HS-C 6 -T 1 5GCTTvwvwwTTCG-3' (S^s). TheT 15 sequence 
serves as a 'spacer group to separate the hybridizing sequence from 
the support 20 , the GCTT and TTCG sequences are the 'word label' 
used to target hybridization to a particular word 11 , and the v g 
sequence is used to encode information. Table 1 shows the 16 
octanucleotide sequences used, which were chosen from a pre- 
viously described set of 108 possible sequences 11 , along with the 
encoding scheme utilized to represent the possible values of the SAT 
variables w, x, y and z. These surface-bound oligonucleotides, 
representing all candidate solutions, were synthesized, pooled, 
and attached to a maleimide-functionalized gold surface in an 
unaddressed format 21,22 . Each clause of the SAT problem requires 
one cycle of 'mark', 'destroy' and 'unmark' (Fig. 1), and thus four 
cycles were employed to solve the example SAT problem above. The 
goal of the first computational cycle is to destroy all DNA molecules 
which do not satisfy the first clause (w V x V y). This is achieved by 
hybridizing to the surface those oligonucleotides that are comple- 
mentary to the molecules which do satisfy the clause, and then 
destroying the remaining (unmarked) single-stranded molecules. 
Only two sequences do not satisfy this clause: namely, those for 
which w,x and y are set to zero (S 0 [0000] andS, [0001], see Table 1). 
Thus in cycle 1 the complements (Qs) of the 14 other oligonucleo- 
tides (w = 1 (C 8 , C 9 , Cio, C M ,Ci2, C| 3 , Cu, Ci 5 );x= 1 (C 4 , C 5 , C 6 , C 7 , 
C12, C 13 , C, 4> C 15 ); y = 1 (C 2 , C 3 , C 6 , C 7> C l0 , C„, C H , C, 5 )) were 
combined and hybridized (in the 'mark' operation) to the surface; 
after washing, the surface was exposed to Escherichia coli exo- 
nuclease I to destroy the unhybridized, single-stranded molecules 
S 0 and S| (in the 'destroy' operation). The surface was regenerated 



Table 1 Variable sequences and encoding scheme 



Strand 


Variable sequence 


wxyz 


So 


CAACCCAA 


0000 


s, 


TCTCAGAG 


0001 


s 2 


GAAGGCAT 


0010 


s 3 


AGGAATGC 


0011 


s 4 


ATCGAGCT 


0100 


s 5 


TTGGACCA 


0101 




ACCATTGG 


0110 


s 7 


GTTGGGTT 


0111 


S e 


CCAAGTTG 


1000 


So 


CAGTTGAC 


1001 


Sio 


TGGTTTGG 


1010 


s„ 


GATCCGAT 


1011 


Sj2 


ATATCGCG 


1100 


s 13 


GGTTCAAC 


1101 


s M 


AACCTGGT 


1110 


8,9 


ACTGGTCA 


1111 


The 1 6 strands shown encode 4 bits (2*) of information (4 variables: w. x, y. z). S, is the 1 6-nucleotide 
DNA sequence 5'-GCTTv 8 TTCG-3'. where the v a sequence is shown as the "Variable sequence" 
above; C, is the 16- nucleotide complement of the S» sequence. 
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by the 'unmark' operation to return the remaining surface-bound 
oligonucleotides S 2 -S 15 to single-stranded form. This process was 
repeated three more times for the remaining three clauses, to yield a 
surface containing only the solutions to the SAT problem. 

In Fig. 2 we show in detail the logic of the DNA computation in 
each cycle, leading at the end to four types of DNA molecules 
remaining on the surface. It may be noted that since each clause is 
tested independently, in some cases complements are added corre- 
sponding to surface-bound oligonucleotides that are no longer on 
the surface, having been destroyed in a previous cycle. Although this 
entails some redundancy, the independence of clause-testing 
obtained in this manner increases the computational versatility 
and power. In the particular SAT problem solved here, each strand is 
destroyed only once (that is, is targeted in only one of the four 
computational cycles). The identity of those molecules that corre- 
spond to the solutions was determined at the end of the computa- 
tion by polymerase chain reaction (PCR) amplification and 
hybridization to an addressed array. The results are shown in 
Fig. 3, presented both as a fluorescence image and in histogram 
form. 

The four spots with high fluorescence intensity in Fig. 3 corre- 
spond to the four expected solutions to the computational problem 
posed. The DNA sequences identified in the 'readout' step via 
addressed array hybridization were: S 3 , S 7 , S 8 and S 9 (Fig. 3). Their 
variable sequences are AGGAATGC, GTTGGGTT, CCAAGTTG, 



Cycle: 
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[~] Strands destroyed in the cycle Q Strands remaining at end of cycle 

Figure 2 Four cycles of SAT computation. For each cycle of the computation, the number 
of strands destroyed in that cycle of the computation and the number of strands remaining 
on the surface at the end of the cycle are indicated on the left. The identities of the 
destroyed and remaining strands are shown in the progression of the computation in 
schematic form: in each cycle of computation one of the four clauses is tested by applying 
the 'mark* operation to only the oligonucleotides that satisfy that clause. For example, in 
cycle 1 , applying the 'mark' operation to S 2 - S 15 (leaving S 0 and unmarked) protects 
all the surface-bound oligonucleotides for which tvor xor y has a value of 1. A similar 
procedure is applied in each of the three subsequent cycles for clauses 2-4, 
respectively. In each cycle, strands indicated in the shaded boxes are destroyed using the 
single-strand specific f. coli exonuclease I, while strands indicated in the non-shaded 
boxes are protected by their complements. The strands remaining in the non-shaded 
boxes at the end of the process are the solutions to the computational problem. 



and CAGTTGAC (Table 1), corresponding to the truth assignments 
of (w = 0, x = 0, y = 1, and z - 1), (w = 0, x = 1, y - 1, and z = 1), 
(w= l,x = 0,y = 0,andz = 0),and(iv= l,x = 0,y = 0,andz= 1). For 
example, the assignment (w = 0, x = 0, y = 1, and z - 1) satisfies 
the SAT problem solved here in that y = 1 satisfies the first 
clause ( w V x V y ), z - 1 satisfies the second clause (w V y V z), 
either x = 0 or y - 1 makes the third clause (x V y) true, and w = 0 
satisfies the last clause (w V y). The signal intensities for the spots 
corresponding to the correct solutions were 10 to. 777 times greater 
than those corresponding to incorrect solutions, making dis- 
crimination between correct and incorrect solutions to the problem 
straightforward. We now consider the issues which need to be 
addressed for scaling of the approach to substantially larger 
problems. 

Each step in the above-described DNA computing process is 
chemically complex and subject to error. For example, in the c mark' 
operation, the nature of chemical reaction kinetics ensures that the 
hybridization-driven formation of duplex structures on the surface 
will be incomplete, and hence some surface-immobilized DNA 
molecules encoding correct answers to the clause in question will 
not form duplexes; these molecules will then be subject to unwanted 
destruction during the 'destroy* (exonuclease digestion) step, 
degrading signal during the computational process. Conversely, 
mismatch hybridization to incorrect sequences present on the 
surface may protect them inappropriately from destruction, leading 
to background signal corresponding to incorrect solutions to the 
problem. 

In addition, the destruction of single-stranded DNA molecules 
on the surface by E. coli exonuclease I is not perfect. Approximately 
94% of unmarked single-stranded immobilized DNA molecules can 
be removed by the exonuclease digestion reaction 11 . This means that 
about 6% of the unwanted (incorrect) DNA molecules will remain 
on the surface after a 'destroy' operation, giving rise to false positive 
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Figure 3 Three-dimensional plot and histogram of the fluorescence intensities on a 16 
element addressed array used for 'readout', a, Fluorescence profile (right) with the 
surface-bound oligonucleotide locations (left), b, The fluorescence intensity histogram. 
The three-dimensional plot in a was generated using NIH Image version 1.61 software 
(National Institutes of Health, Bethesda, Maryland; http://rsb.info.nih.gov/nih-image/ 
download.html). r.f.u., relative fluorescence units. 
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signals. A more fundamental issue with the 'destroy* operation 
presented here is that it is incompatible with a multiple-word 
encoding strategy; work is in progress to develop an alternative 
'destroy' operation for this purpose. 

These errors in the 'mark' and 'destroy* operations also affect the 
'readout* process. We have found it to be very difficult to uniformly 
amplify a population of DNA molecules, even ones as tightly 
constrained as the set employed here for DNA computing 2 ^ data 
not shown). Small amounts of unwanted oligonucleotides, if 
amplified preferentially compared to desired species present initially 
at higher concentration, can yield aberrant results. Although the GC 
content was held constant for the set of DNA molecules used in this 
work, variations in the position of GC pairs within the sequence can 
affect the formation of secondary structures that influence the 
efficiency of PCR amplification. Betaine is known to preferentially 
destabilize GC base pairs 24 . The use of betaine here resulted in a 
more uniform amplification of the mixture of DNA templates 25 . 
Nonetheless, substantial optimization and experimentation with 
the PCR conditions were required to obtain the results shown here, 
and it is likely that this would become increasingly difficult with 
larger problems. This is fundamentally a reflection of the intrin- 
sically nonlinear nature of the PCR amplification process 26 ; an 
alternative method of amplification which is linear in nature is 
under investigation 27 . 

This intrinsically error-prone nature of the DNA computing 
process, however, does not rule out its operational practicality. 
The fundamental operations of conventional computing are also 
prone to error at the device level, and there is a rich body of 
knowledge on algorithmic solutions to these issues which could be 
adapted to the DNA computing process 28 . Methods for handling 
errors in DNA computations have been reported 29,30 . Experimental 
determination of error rates in surface-based DNA computing 
could provide the information necessary to develop error models 
and algorithmic methods to control errors in computations. 

The surface approach described here was designed to permit 
scale-up to larger problems. For example, the use of six tandem 
words on the surface (for a total oligomer length of 16 x 6 = 96 
nucleotides, within the range of current oligonucleotide synthesis 
capabilities), and 64 different octanucleotide sequences 1 1 to encode 
information in each of the words (6 bits per word), corresponds to a 
search space containing approximately 6.9 x 10 10 candidate solu- 
tions (2 6 ; that is, a 36-bit DNA computer). 

The number of 'mark* and 'destroy' operations required to solve 
the problem grows polynomially with the number of variables 13 , in 
contrast to the search space which grows exponentially. Thus a 36- 
bit DNA computer would not look a great deal different from the 4- 
bit computer described here. The biggest practical issue (apart from 
those mentioned above) is the synthesis and handling of large 
numbers of oligonucleotides (1,536 oligonucleotides would be 
needed to carry out the 'mark' and readout* operations for a 6- 
word, 6 bits per word, DNA computer of this type; see Methods). 
Instrumentation to synthesize and handle such large numbers of 
oligonucleotides is available (ABI 3948 Nucleic Acid Synthesis and 
Purification System (Perkin Elmer); also see refs 15 and 16). 
Specialized problems might require far fewer oligonucleotides 
than this (see Methods). 

Methods 

PCR amplification for 'readout'. 

56-mer PCR templates were synthesized with the following structure: 

5 ' -tatttttgagcagtggctccCGAAwwwwAAGCtagctatctacaagattcag-3 ' 

where the lower-case sequences are the two primers, the upper-case sequences are fixed 
word labels, and the eight bases labelled V are complements of the variable regions shown 
in Table I . 

For PCR amplification and addressed array hybridization 'readout', the template(s) 
used in PCR amplification were collected from the computation chip (that is, the non- 



addressed array surface which had undergone repetitive computation operations) as 
follows: upon completion of each computation cycle (including 'mark', 'destroy', 
'unmark*), the cowslip (computation chip) was exposed to a mixture of all 16 
complementary DNA strands (each containing two 20-mer primer sequences as indicated 
above) for 1.5 h for hybridization. The coverslip was then washed; all hybridized 
complements were melted off and collected by assembling the coverslip in a GeneAmp In 
Situ PCR System 1000 (Perkin Elmer) containing 100 u.1 of de-ionized water, and heating 
at 95 °C for 10 min. The collected template(s) were then amplified using biotinylated and 
fluorescently tagged PCR primers as follows: 

5'-biotin-ctgaatcttgtagatagcta-3' 5'-FAM-tatttttgagcagtggctcc-3' 

The amplification reaction (100 uJ) contained 10 mM Tris-HCl (pH 8.3), 50 mM KCI, 
3 mM MgCU, 0.2 mM each dATP, dCTP, dTTP and dGTP, 1 u,M of each primer, 1 M 
betaine, and 5 units of AmpliTaq DNA polymerase (Perkin Elmer). In addition, 10 fmol of 
a 56-mer oligonucleotide identical in structure to that shown above, but containing in the 
variable region the non-complementary 8-mer sequence GAGACTCT, was included in the 
reactions. The function of this was to help equalize the amount of material that could be 
amplified in the various PCR reactions performed. This was found to reduce artefacts due 
to amplification of trace amounts of templates present in the reactions, a source of 
background in the 'readout' operation. PCR was performed in an PTC-200 Peltier 
Thermal Cycler (MJ Research, Inc.) using 25 cycles. The PCR mixture was first held at 
95 °C for 1 min, followed by cycles of 95 °C for 30 s, 40 °C for 20 s and 60 °C for 1 min. 

Hybridization to addressed array for 'readout 1 . 

The DNA addressed array was prepared by methods similar to those described in ref. 31. 
Briefly, a gold-coated coverslip was immersed in a 0.5 mM ethanolic solution of n- 
octadecylmercaptan overnight, followed by photopatterning of the surface using an 
aluminium mask consisting of 1.5-mm-diameter holes with 3 mm centre-to-centre 
spacing. The coverslip was then immersed in 1 mM ethanolic 1 1-mercaptoundecanoic 
acid for 1 h, followed by electrostatic adsorption of a poly-L-lysine monolayer, which was 
maleimide-activated as described previously 21 . 

PCR amplification of the products of the DNA computing process yields double- 
stranded 56-mers with one strand biotinylated, and the other strand fluorescein -labelled. 
Before addressed array readout, these double-stranded PCR products were strand- 
separated using st rep tavidin -coupled magnetic beads (Dynabeads M-280, Dynal Prod. 
No. 1 12.05, 1 12.06 Protocol, 1997, Dynal Inc.). After strand separation, the fluorescently 
labelled PCR products were resuspended in hybridization buffer (HB; 2XSSPE70.2%SDS), 
applied to the 16-spot addressed array and allowed to hybridize for 1.5 h at room 
temperature. The addressed array coverslip was washed twice in HB, 5 min per wash, 
followed by immersion in a beaker of HB at 37 °C for 20 min. The coverslip was then 
scanned using a Molecular Dynamics Fluorlmager 575. 

Number of oligonucleotides required for scale-up. 

The oligonucleotides employed for a general purpose multiple word DNA computer of the 
type employed here are of two types: (1) multiple word combinatorial mixtures, thiol- 
modified to permit surface attachment when preparing the unaddressed surface on which 
the computation is performed, and (2) single word individual oligonucleotides, either 
thiol-modified for surface attachment when preparing addressed 'readout' arrays (S^s), 
unmodified for use in the 'mark* operation (Q^), or with PCR-primer sequences 
appended for use in the 'readout' operation (Os with appended PCR-primer sequences). 
Thus a total of four sets of oligonucleotides must be synthesized. Although (as described in 
the text) the number of distinct oligonucleotides present in the combinatorial mixtures 
can be very large, a much smaller set of distinct oligonucleotide synthesis procedures is 
required to prepare them using split-and-pool methodology 32 * 33 ; this is given by the 
product of the number of different oligonucleotide sequences per word and the number of 
words. In the 36-bit example provided above, this corresponds to 64 x 6 = 384 
oligonucleotide syntheses. The number of individual oligonucleotides required for the 
three sets of and C«s is given by the same product, for a total of 384 x 4 = 1 ,536; when 
solving a 3-SAT, in any given cycle (corresponding to a single clause) the number of QfS 
required for the 'mark' operation is at most (64 / 2) x 3 = 96. 
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Evidence for enhanced mixing 
over rough topography 
in the abyssal ocean 

J. R. Ledwel!, E. T. Montgomery, K. L Polzln, L C. St Laurent, 
R. W. Sen mitt & J. M. Toole 
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The overturning circulation of the ocean plays an important role 
in modulating the Earth's climate. But whereas the mechanisms 
for the vertical transport of water into the deep ocean — deep 
water formation at high latitudes — and horizontal transport in 
ocean currents have been largely identified, it is not clear how the 
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Figure 1 Tracer distribution, a, 14 months after release; b, 26 months after release. The 
red bars labelled 'INJ' mark the release site of the tracer. The contours denote the column 
integral of SF 6 (in nmol wr 2 ) and colours denote bottom depth. The tracer mapping 
procedure did not take the bathymetry into account, and hence the meridional distribution 
in the east in a appears broader than the valleys where the stations are Ixated and which 
actually hold most of the tracer. The bathymetry is from Smith and SandwelP 6 . The 
stations are shown as white dots; those with stars are used for the sections in Fig. 2. 
Southerly latitude and westerly longitude are shown negative. 



compensating vertical transport of water from the depths to the 
surface is accomplished. Turbulent mixing across surfaces of 
constant density is the only viable mechanism for reducing the 
density of the water and enabling it to rise. However, measure- 
ments of the internal wave field, the main source of energy for 
mixing, and of turbulent dissipation rates, have typically implied 
diffusivities across surfaces of equal density of only —0.1 cm 2 s" 1 , 
too small to account for the return flow. Here we report measure- 
ments of tracer dispersion and turbulent energy dissipation in the 
Brazil basin that reveal diffusivities of 2-4 cm 2 s" 1 at a depth of 
500 m above abyssal hills on the flank of the Mid-Atlantic Ridge, 
and approximately 10cm 2 s _1 nearer the bottom. This amount of 
mixing, probably driven by breaking internal waves that are 
generated by tidal currents flowing over the rough bathymetry, 
may be large enough to close the buoyancy budget for the Brazil 
basin and suggests a mechanism for closing the global over- 
turning circulation. 

Our study was conducted in the abyssal Brazil basin where deep 
upwelling can be inferred from measurements of net inflow of dense 
water 4,5 . In 1996 we surveyed turbulent microstructure and internal 
wave fine-structure across the basin, and released 1 10 kg of sulphur 
hexafluoride above one of the zonal valleys on the western flank of 
the Mid-Atlantic Ridge 6 (Fig. 1). The microstructure data showed 
diapycnal mixing to be very low over the smooth parts of the Brazil 
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ABSTRACT 



The present invention provides for amplification methods 
for cloning and copying genetic material on surfaces as well 
as copying biological material insofar as, in a broader sense, 
it can be classified as a ligand -receptor system. The inven- 
tion l here lore relates in particular to a method for propagat- 
ing ligands and receptors on at least two surfaces, compris- 
ing (a) immobilizing a first ligand on a first surface of a 
substantially solid phase; (b) adding a solution of receptors 
and binding complementary receptors to the first ligand; (c) 
transferring the receptor to a second surface and immobi- 
lizing the receptor at that location; (d) attaching an addi- 
tional ligand to the immobilized receptor; and (e) traasfer- 
ring the additional ligand to the first surface and 
immobilizing it at that location, wherein the steps set forth 
above may be repealed,multiple times. 

22 Claims, 16 Drawing Sheets 
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CLONING AND COPYING ON SURFACES 

CONTINUING APPLICATION DATA 

This application is a Conlinuation-ln-Part application of 
International Patent Application No. PCT/DE99/03856, filed 5 
on Nov. 26, 1999, which claims priority from Federal 
Republic of Germany Patent Application No. DE 198 54 
946.6, filed on Nov. 27, 1998. International Application No. 
PCT/DE99/03856 was pending as of the filing date of the 
above-cited application. The United States was an elected 30 
state in International Application No. PCT/DE99/03856. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a method for cloning and copy- 
ing genetic material on surfaces as well as copying biologi- 
cal material insofar as it can be classified in a broader sense 
in a ligand-rcceptor system. 

2. Background Information 20 
Methods of exponentially amplifying molecular matrices 

are already known through the work of G. von Kiedrowski 
et al. (Nature 1998, Vol. 346, 245-248; Federal Republic of 
Germany Patent No. 198 48 403). The amplification cycles 
are characterized by: 25 

binding of molecular matrices to the surface of a solid 
phase by means of a reversible linker on the matrix; 

addition of matrix fragments, with one of the fragments 
displays a linker unit, which may, if necessary, be 
protected; 30 

synthesizing copies of the matrix; 

removal of superfluous matrix fragments and ancillary 
reaction substances; 

detachment of the copies from the matrix; and 35 

application of synthesized matrix copies to free binding 
sites on the solid phase. 

This represents an iterative, progressive amplification 
method, allowing an exponential increase in the amount of 
molecular matrices available, thus enabling a significant 40 
process of evolution to take place. To achieve this the 
process makes use of the surface of a solid carrier. Chemical 
attachment to immobilized matrices enables copies to be 
synthesized from precursor matrices, which are then 
released to become new matrices. This process can be 45 
repeated any number of times. 

In addition, so-called "bridge" amplification technology is 
described in U.S. Pat. No. 5,641,658. This is an amplifica- 
tion model based on conventional PCR methods, but which 
is intended to achieve localized amplification. Bridge ampli- 50 
fication technology has many uses, especially in analytical 
methods that can also be carried out with the commonly used 
PCR. The bridge technology facilitates the separation and 
detection stages of the amplified products. The characteris- 
tics of this technology are that it combines amplification, 55 
selection and detection in a single process. Advanced state 
of the art systems can be found on the homepage of 
MOSAIC Technologies, Inc. (USA), the company market- 
ing bridge amplification technology (www.mostek.com). 

The bridge system describes a method for amplifying 60 
nucleic acids on a solid phase, with both amplification 
primers being bound covalently to a single solid phase 
through their 5' ends. Consequently this represents a further 
development of the well-known polymerase chain reaction, 
known as PCR for short. This takes place in a solid phase 65 
PCR instead of in a solution. The particular advantage of this 
method is its ability to amplify and analyze many different 
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genetic elements simultaneously using a single sample. The 
applications for bridge amplification technology include 
genetic expression, genome research, clinical diagnostics 
and the examination of biological fluids, e.g. blood. A higher 
rate of amplification is achieved by eliminating ineffective 
primer artifacts (such as primer dimers). This enables 
simple, sensitive and cost-effective DNA detection methods 
to be developed, for example using fluorescence. Because 
bridge amplification technology ensures that all amplifica- 
tion products remain bound to the solid phase, contamina- 
tion through prolongation remains low, and this in tum 
enhances the diagnostic value of the method compared with 
the usual PCR. 

Whereas the method proposed by G. von Kiedrowski et 
al. referred to above demonstrates the benefits of the solid 
phase amplification of entire populations, the method 
described in U.S. Pat. No. 5,641,658 offers the advantage of 
amplifying a single matrix on a solid phase. However, the 
drawback of this bridge amplification method is linked with 
the problem of product inhibition, i.e. a newly produced 
copy may occur not only with the adjacent immobilized 
primer, but also with the original matrix strand, which is also 
adjacent. Another disadvantage is the lower linear limitation 
needed to achieve bridging as a double strand. Furthermore, 
there is no separation between the strands, with the result 
that, for diagnostic purposes, the hybridization signals are 
weakened due to hybridization with complementary strands. 

Federal Republic of Germany Patent No. 694 09 646 T2 
describes a method for amplifying a nucleic acid, in which 
the one primer is bound to a solid phase and the second 
primer to a particle that reacts with a magnetic field. These 
primers are incorporated in target nucleic acid sequences. 
Following an extension stage the nucleic acid strands are 
separated by the application of an electric current. The 
magnetic primer can be particle-bonded, existing as a form 
of solid phase. The avidin/biotin system is suitable for 
binding the primer to the solid phases. This method is also 
suitable for cloning. 

U.S. Pat. No. 5,795,714 describes a method which, in one 
form, uses an array of oligonucleotides, which are connected 
to the surface of the solid phases by means of the reciprocal 
reaction between biotin and avidin. The method described 
consists of the hybridization of complementary strands, 
primer extension reactions, the hybridization of a second 
biotinylized primer to the primer extension products, and the 
extension of the second primer. Mention is made of the 
blotting of copies on a second surface which is coaled with 
avidin. 

The disadvantage of the methods referred to above is that 
multiple replication in the sense of exponential propagation 
is not possible, and that the translocation of the copies by 
means of an electromagnetic field cannot be achieved with- 
out loss of site information. Based on this state of the art, and 
avoiding the shortcomings referred to above, it is therefore 
the task of this invention to provide a method of cloning and 
copying onto surfaces which permits the propagation of 
biological material while retaining site information. 

SUMMARY OF THE INVENTION 

The present invention overcomes the problems and dis- 
advantages of current amplifications methods and enables 
biological systems including, nucleic acids, ligands and 
receptors, to be propagated and separated from one another 
by means of an electric field for immobilization and fixation 
on one or more solid surfaces, while retaining site informa- 
tion. 

The present invention considers a biological system to be 
basically an interaction between nucleic acids of any kind 
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and/or with peptides/proteins/polymerases/enzymes (DNA/ 
RNA/PNA/pRNA/2 ! -5' nucleotides and RNA/DNA mirror 
mers (see PCT/EP9 7/047 26)), in exactly the same way as 
antigen/antibody complexes or, in general terms, ligand/ 
receptor systems. 5 

For a basic understanding of the invention it is necessary 
to appreciate that complementary nucleic acids themselves 
represent nothing more than a special form of a comple- 
mentary ligand/receptor system in a traditional sense. For 
purposes of the present application, the term 'Tigand" will 
refer to one molecule of the biological binding pair and the 
term " receptor" will refer to the opposite molecule of the 
biological binding pair. Two complementary strands of 
nucleic acid are biological binding pairs. One of the strands 
is designated the ligand and the other strand is designated the 
receptor. Biological binding pairs may also comprise antigen 15 
and antibodies, drugs and drug receptor sites and enzymes 
and enzyme substrates. 

The invention utilizes the fact that, because of their 
charge, nucleic acids and many other biologically relevant 
molecules can be moved within an electrical field when such ~° 
a field is applied. In the present case a stationary, bound 
molecule is separated from a corresponding molecule in this 
way, in that the non-stationary, bound molecule is either 
separated from the other by synthcsization of that molecule 
or following an "identification reaction", with the aid of an 25 
electrical field. Because the molecules tend to migrate along 
the line of the electrical field, they retain site information 
while migrating. This is also what mainly distinguishes the 
method referred to in this invention from the previously 
known state of the art, because in Federal Republic of 30 
Germany Patent No. 694 09 646 T2, for example, site 
information is not retained, since the electromagnetic field 
described in that case does not serve to retain the site 
information. 

For all of the alternative processes shown hereinbelow it 35 
is possible to alter, reduce and/or increase the (geometrical) 
scale of the transfer, while retaining site information, within 
the respective transfer stage of the respective process 
sequence. This may be practical, for example, if the geom- 
etry of the arrays from which or to which the transfer is 40 
being made is not identical with that of the initial array or 
target array. 

The present invention in one aspect relates broadly to a 
method for propagating ligands and receptors on at least two 
surfaces, comprising: 45 

(a) immobilizing a first ligand on a first surface of a 
substantially solid phase; 

(b) adding a solution of receptors and binding comple- 
mentary receptors to the first ligand; 5Q 

(c) transferring the receptor to a second surface and 
immobilizing the receptor at that location; 

(d) attaching an additional ligand to the immobilized 
receptor; and 

(e) transferring the additional ligand to the first surface 55 
and immobilizing it at that location, wherein the steps 
set forth above may be repeated multiple times. 

Preferably, the surface in step (c) is a second surface 
which is spatially separated from the first. The additional 
ligand is transferred to the second surface by the application 
of an electrical field, and preferably the electrical field is 
applied between the first and second surface. 

Another aspect of the invention relates to enzymatic 
propagation of a nucleic acid sequence on at least two 
surfaces, comprising: 

(a) immobilizing a first primer on at least one first surface 
of a substantially solid phase; 
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(b) administering a solution of nucleic acids comprising 
complementary fragmeuts to the first primer; 

(c) binding of complementary fragments to the first 
primer; 

(d) extending the first primer at its 3' end, corresponding 
to the complementary fragment by means of a poly- 
merase; 

(e) releasing the complementary fragments; 

(f) attaching a second primer to the 3' end of the extended 
nucleic acid; 

(g) extending the second primer at its 3' end by means of 
a polymerase; 

(h) transferring the second primer to another surface and 
immobilization of the extended primer; and 

(i) attaching another first primer to the 3' end of the second 
extended primer for further extending of the first 
primer, wherein the steps of (b) to (h) are repeated 
numerous times for exponential amplification of 
nucleic acid sequence. 

The second primer as set forth in step (h) is transferred to 
a second surface which is spatially separated from the first, 
and the transfer is achieved by the application of an elec- 
trical field. Preferably, the electrical field is applied between 
the first and second surface. 

Further amplification stages may occur following the 
transferal of the second primer to the second surface com- 
prising the following: 

(j) extending this first primer to its 3' end, corresponding 
to the complementary fragment, by means of a poly- 
merase; 

(k) transferring of the extended primer to the first or 
another surface and immobilization of the extended 
primer thereon; and 
(1) attaching of another second primer to the 3' end of the 

extended first primer. 
A further aspect of the invention relates to a method for 
copying nucleic acids from a first to a second surface, 
comprising: 

(a) immobilizing of nucleic acids through a reaction on a 
carrier surface; 

(b) producing a double -stranded molecule by a method 
selected from the group consisting of hybridization of 
complementary single strands, chemical or enzymatic 
ligation of complementary fragments and chemical or 
enzymatic extension of complementary primers; and 

(c) transferring of complementary strands to a second 
surface with immobilization of the complementary 
strands thereon. 

The transfer of the complementary strands to the second 
surface may be accomplished by the application of an 
electrical field, in which the electrical field is applied 
between the first and second surface. 

Preferably, the nucleic acids immobilized on the solid 
carrier are arranged two-dimensionally and are transferred in 
this order, while retaining site information. The solid phase 
material is selected from organic or inorganic material or 
from a hybrid of these materials, and preferably represents 
60 a two- or three-dimensional matrix. Immobilization of the 
nucleic acids and complementary strands occurs through 
covalent or non-covalent binding. 

In still another aspect, the nucleic acids, ligands, receptors 
or their derivatives are provided with a detectable label. 
65 Generally, any molecular moiety capable of detection may 
be utilized including, by way of example, without limitation 
radioisotopes, stable isotopes, enzymes, immunoreactive 
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compounds, fluorescence or luminescence chemicals, FIG. 13 shows a process used for the functional location 

chromophores, metals or charged particles. of proteins. 

The present invention may be applicable for several FIG. 14 shows a process used to screen combinatory 

different amplification methods including, cloning genomic protein libraries. 

fragments of DNA, cDNA and RNA, subcloning following 5 DETAILED DESCRIPTION AND PREFERRED 

restriction-digesting, strengthening an immunological EMBODIMENTS 
ligand/receptor pair, strengthening the ligand signal, sorting 

adjacent fragments by using hvbridization techniques The present invention is a method for clomng and copying 

(chromosome walking), and copying of gene chips. ligand/receptor matrices by exponentially amplifying the 

TTie term "amplification" is used in the broad sense to 10 components of the matrices and immobilizing the compo- 

mean creating a product which may include, by way of nenls of lhe matrices on at least one surface and separating 

example, additional target molecules, or target-like mol- lhe components by means of an electric field while retaining 

ecules or molecules complementary to the target molecules, s * te information. 

which molecules are created by virtue of the presence of the Nucleotide as used herein means a monomeric unit of 

target molecule in the sample. In a situation where the target 15 DNA or RNA consisting of a sugar moiety (pentose), a 

is a nucleic acid, an amplification product can be made phosphate, and a nitrogenous heterocyclic base. The base is 

enzymatically with an agent for polymerization, such as linked to the sugar moiety via the glycosidic carbon (1* 

with DNA or RNA polymerases or transcriptases. carbon of the pentose) and that combination of base and 

The above-discussed embodiments of the present inven- su g ar is a nucleoside. When the nucleoside contains a 

tion will be described further hereinbclow. When the word 20 phosphate group bonded to the 3 ! or 5' position of the 

"invention" is used in this specification, the word "inven- pentose it is referred to as a nucleotide. The nucleotides are 

tion" includes "inventioas", that is the plural of "invention". adenine, thymine, cytosine, guanine and uracil. 

By staling "invention", the Applicant does not in any way Base Pair (bp) as used herein means a partnership of 

admit that the present application does not include more than adenine (A) with thymine (T), or of cytosine (C) with 

one patentably and non-obviously distinct invention, and 25 guanine (G) in a double stranded DNA molecule. In RNA, 

maintains that this application may include more than one uracil (U) is substituted for thymine, 

patentably and non-obviously distinct invention. The Appli- Nucleic acid as used herein means a polymer of 

cant hereby asserts that the disclosure of this application nucleotides, either single or double stranded, 

may include more than one invention, and, in the event that Oligonucleotide as used herein makes reference to 

there is more than one invention, that these inventions may 30 primers, probes and nucleic acid fragments or segments to 

be patentable and non-obvious one with respect to the other. be synthesized by ligation of oligonucleotides is defined as 

a molecule comprised of two or more deoxyribonucleolides 

BRIEF DESCRIPTION OF THE DRAWINGS or ribonucleotides, preferably at least 5. Its exact size will 

FIG. lAdescribes a general process for the propagation of „ d fP end on man ? fac } 0 ^ which in turn dc P ends on lhe 

ligands and receptors on two surfaces. ' ^ 35 ultimate conditions of use. 

m , , ... ™^ , Gene as used herein means a nucleic acid whose nucle- 

FIG. IB shows the process in accordance with FIG. 1, . , . c nhrA • , ... x 

. . j . 1 w m ■ . otide sequence codes for an RNA or polypeptide. A gene can 

having an intermediate layer placed between the two sur- be eilhe H f RNA Qf DNA v jy v s 

faces. 

, . . Complementary Nucleotide Sequence as used herein 

FIG. 2 describes a general process for propagating ligands 40 means a of Ducleotides in a single -stranded (ss) 

and receptors on a surface. fegiou of DNA 0f RNA capable of hybridizing to another 

FIG. 3A describes a process for the enzymatic propaga- single-stranded region for a length of time sufficient to 

tion of nucleic acids on two surfaces. permit the desired reaction, e.g., a ligation reaction or a 

FIG. 3B shows the process in accordance with FIG. 3, primer extension reaction, 

having an intermediate layer placed between the two sur- 45 Conserved as used herein means a nucleotide sequence is 

faces. conserved with respect to a preselected (reference) sequence 

FIG. 4 shows a basic process for the enzymatic propaga- if it non-random ly hybridizes to an exact complement of the 

tion of nucleic acids on only one surface. preselected sequence. 

FIG. 5 shows a process for copying nucleic acids onto a 50 Hybridization as used herein means the pairing of sub- 
second surface " slant ially complementary nucleotide sequences (strands of 

FIG. 6 is a diagram showing two systems coordinates n«cleic acid) to form a duplex or heteroduplex by the 

containing numerous fields which are intended to illustrate establishment of hydrogen bonds between complementary 

two surfaces pairs. It is a specific, i.e. non-random, interaction 

._„ . ,' .... , between two complementary polynucleotides that can be 

HG. 7 shows a process for synthesizing genes and 55 elitjvel inhibited . 

genomes, and for recombination. ^ invenUon re , a , es ,„ , fflethod of amplificalion 

FIG. 8 shows a process for the selective mutagenesis of comprising- 

nucleic acids site^irecled mutagenesis. (>) immobilizing a firsl primer on a firsl surfaces of a 

FIG. 9 shows a process for cloning and sequencing 6o substantially solid phase; 

genomic fragments. administering a solution of nucleic acids comprising 

FIG. 10 shows a process for the functional analysis of complementary fragments to the first primer; 

genomic fragments. ( c ) binding of complementary fragments to the firsl 

FIG. II shows a process for the parallel quantifying of the primer; 

gene expression. 65 (d) extending the first primer at its 3' end, corresponding 

FIG. 12 shows the use of a process as a means of to lhe complementary fragment by means of a poly- 
improving the signal-to-noise ratio in the detection process. merase; 
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(e) releasing of the complementary fragments; 
(0 attaching a second primer to the 3* end of the extended 
nucleic acid; 

(g) extending the second primer at its 3' end by means of 
a polymerase; 

(h) transferring the second primer lo another surface and 
immobilization of the extended primer thereon; and 

(i) attaching another first primer to the 3' end of the 
second, extended primer. 

Specifically, the term ''primer" as used herein refers to a 
molecule comprised of two or more deoxyribonucleotides or 
ribonucleotides, preferably more than three, which is 
capable of acting as a point of initiation of synthesis when 
placed under conditions in which synthesis of a primer 



10 



tioning of the nucleic acids to facilitate the transference of 
polymerized molecules to another support having the sur- 
face defined in the same grid type pattern thereby retaining 
site location. During the respective transfer stage within the 
respective method sequence, the scale can be reduced and/or 
increased, while retaining the site information. The supports 
may be filters, fibers, membranes, sheets and the like. It is 
preferable, but not essential, that the surfaces should be 
arranged so that they are coplanar to one another. 

Bonds formed between the primers and support material 
may be either covalent or non-covalent, with non-covalent 
bonds encompassing both ionic and non-ionic binding 
systems, and in particular members of immunological pairs 
of bonds such as avidin/streptavidin and antigen antibodies. 



extension product which is substantially complementary to is The primers may be immobilized onto the solid support or 



a nucleic acid strand is induced, i.e., in the presence of 
nucleoside triphosphates and an agent for polymerization 
such as DNA polymerase and at a suitable temperature and 
pH. The primer is preferably single stranded for maximum 
efficiency in amplification, but may alternatively be double 
stranded. If double stranded, the primer is first treated to 
separate its strands before being used to prepare extension 
products. Preferably, the primer is an oligodeoxyribo nucle- 
otide. The primer may be sufficiently long to prime the 
synthesis of extension products in the presence of the 
inducing agent for polymerization. The exact lengths of the 
primers will depend on many factors, including temperature, 
buffer, nucleotide composition and source of primer. For 
purposes herein, an oligonucleotide primer typically con- 



carrier in any art-recognized way. A commonly used means 
is to provide a biotin label on the primer for binding to a 
streptavidin-coated support. Suitable binding linkers should 
not form undesirable interactions with other factors occur- 
ring in the system. In particular, in the hybridization of a 
primer, no interaction with surface zones containing the 
template should occur. This imposes the requirement for a 
controllable binding chemistry that can be influenced by 
external conditions. 

Faulty immobilization can be prevented by using pairs of 
primers (see below) instead of an "act iva table reactive 
primer". It should be possible to immobilize the extension 
products of these pairs of primers orthogonally. In this case 
orthogonally means that no binding points are available for 



tains from about 5 to about 50 nucleotides, and preferably 30 a primer that is hybridized on a template, but that binding 

from about 5 to about 15. points are available following translocation of the primer 

The primers herein are selected to be "substantially" extension product to the opposite surface. The way in which 

complementary to each strand of the specific sequence to be the primer is added, and the way in which the reaction is 

amplified. This means that the primers must be sufficiently allowed to take place must take this aspect into account. As 

complementary to hybridize with their respective strands 35 defined by this invention, activatable reactive primers are 



under conditions which allow the agent for polymerization 
to perform, i.e, the primers have sufficient complementarity 
with the sequence of the strand to be amplified to hybridize 
therewith and thereby form a template for synthesis of the 
extension product of the other primer. Preferably, the prim- 
ers have exact complementarity with the strand. 

The oligonucleotide primers may be prepared using any 
suitable method. In an automated embodiment, diethylphos- 
phamidites are used as starting materials and may be syn- 



considered to be those primers that function reactively and 
whose reactivity can be influenced by the choice of suitable 
external conditions. 

Any source of nucleic acid, in purified or non-purified 
40 form, can be utilized as the starting nucleic acid or acids, 
provided it contains or is suspected of containing the specific 
nucleic acid sequence associated with that to be detected and 
amplified. One may select the sequence being amplified 
from among the regions that are substantially conserved 



thesized as described by Beaucage et al. Tetrahedron Letters 45 among the biological material of interest. The method of the 



(1981), 22:1859-1862. One method for synthesizing oligo 
nucleotides on a modified solid support is described in U.S. 
Pat. No. 4,458,066. It is also possible to use a primer which 
as been isolated from a biological source (such as a restric- 
tion endonuclease digest). 

The role of the solid phase surface (also referred to in the 
following as a "carrier") in the present invention includes 
maintaining a separation between the complementary matri- 
ces which would form stable duplexes if in solution. Suitable 



present invention may employ, for example, DNA or RNA, 
including messenger RNA, and the DNA or RNA may be 
single stranded or double stranded. In the event that RNA is 
to be used as a template, enzymes and/or conditions optimal 
50 for reverse transcribing the template to DNA should be 
utilized. In addition, a DNA-RNA hybrid which contains 
one strand of each may be u tilized. A mixtu re of any of these 
nucleic acids may also be employed, or the nucleic acids 



produced from a previous amplification reaction herein 

carrier materials consist of organic or inorganic materials or 55 using the same or different primers may be so utilized, 

a hybrid of these materials. Organic carrier materials consist The target nucleic acid sequence to be amplified or copied 

of polymers on a sugar basis, preferably agarose, cellulose, may be only a fraction of a larger molecule or can be present 

and suitable derivatives or technical polymers such as initially as a discrete molecule, so that the specific sequence 

polystyrene, polyacrylate, polyacrylnitril, polyalkene or constitutes the entire nucleic acid. It is not necessary that the 

graft copolymers (e.g. PS PEG, PAN-PEG, PAN-PAG etc.), 60 sequence to be amplified be present initially in a pure form; 



as well as electrically conductive polymers (e.g. 
polyvinylpyrrol). Examples of suitable inorganic carrier 
materials include glass or metals, with particular importance 
being attached lo gold surfaces (as a result of the gold 
thiol ate interaction) and semiconductor surfaces. 

A preferred carrier support comprises a sheet that has 
surfaces with alignment features to allow the precise posi- 



it may be a minor fraction of a complex mixture, such as a 
portion of the virus-encoding gene contained in a whole 
human DNA. The starting target nucleic acid may contain 
more than one desired specific nucleic acid sequence which 
65 may be the same or different. Therefore, the present method 
Is useful not only for producing large amounts of one 
specific nucleic acid sequence, but also for amplifying 
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simultaneously more than one different specific nucleic acid (1978), and techniques for using RecA are reviewed by C. 
sequence located on the same or different nucleic acid Radding, Ann. Rev. Genetics, 16:405-37 (1982). 
molecules. If an appropriate primer is immobilized on a support 
In the process described herein, the copies of nucleic acids surface and a single -stranded target nucleic acid sequence 
thus produced may be identical or complementary to the 5 (acting as a template) is added to a system then a primer 
initial sequence (matrix). "Complementary" in the case of extension product is synthesized in the presence of a poly- 
this invention is taken to mean that the copy of the matrix merization agent, and the four nucleoside triphosphates 
differs from the initial matrix, whereas the copy of this copy described below. The product will be at least partially 
is identical with the initial matrix. If necessary, these will be complementary to the single -stranded target nucleic acid and 
referred to in abbreviated form in the following as the '*(+) 10 will hybridize with the target nucleic acid strand to form a 
strand" and *'(-) strand". The reactions take place in the duplex of substantially equal length strands that may then be 
same reaction vessel. Nucleic acids are taken to mean both separated into single strands as described above to produce 
D- and I.,-nucleic acids (mirror mers), and any kind of two single separated complementary strands, 
modifications to them. The techniques used for amplifying and thereafter detect- 
Then ucleic acid(s) may be obtained from any source, for 15 ing the product are described in detail U.S. Pat. Nos. 
example, natural DNA or RNA from higher organisms such 4,683,1 95 and 4,683,202, the entire disclosures of which are 
as animals. DNA or RNA may be extracted from a bodily incorporated herein by reference. In general, the amplifica- 
sample such as blood, tissue material such as chorionic villi, lion process involves an enzymatic chain reaction for 
or amniotic cells by a variety of techniques such as that preparing, in exponential quantities relative to the number of 
described by Maniatis et al., Molecular Cloning (.1982), 20 reaction steps involved, a specific nucleic acid sequence, 
280-281. Preferably, the first nucleic acid has a size of given that the ends of the required sequence are known in 
approximately 1 to 10 Kb. Larger nucleic acid can be readily sufficient detail that oligonucleotide primers can be synlhe- 
digested by enzymes or mechanically fragmented. sized which will hybridize to them, and that a small amount 
Any specific nucleic acid sequence can be copied and of the sequence is available to initiate the chain reaction, 
amplified by the methods of present invention. It is only 25 Preferably, one primer is complementary to the negative (-) 
necessary that a sufficient number of bases at both ends of strand and the other is complementary to the positive (+) 
the sequence be known in sufficient detail so that at least one strand. 

oligonucleotide primer can be prepared that will hybridize to The synthesis is performed under conditions allowing 
different strands of the desired sequence and at relative hybridization of primers to templates to occur. Generally, 
positions along the sequence such that an extension product 30 hybridization occurs in a buffered aqueous solution, prefer- 
synthesized from one primer, when it is separated from its ably, at a pH of about 7 to about 9, most preferably about 8. 
template (complement), can serve as a template for exten- Preferably, a molar excess of the primers is added to a buffer 
sion of the other primer into a nucleic acid of defined length. solution for immobilization on the support before the tem- 
The greater the knowledge about the bases at both ends of plate strands are introduced. It is understood, however, that 
the sequence, the greater can be the specificity of the primers 35 the amount of template strand may not be known if the 
for the target nucleic acid sequence, and thus the greater the process herein is used for diagnostic applications, so that the 
efficiency of the process. It will be understood that the word amount of primer relative to the amount of template 
primer as used hereinafter may refer to more than one (complementary) strand cannot be determined with cer- 
primer, particularly in the case where there is some ambi- tainty. As a practical matter, however, the amount of primer 
guity in the information regarding the terminal sequence(s) 40 added will generally be in molar excess over the amount of 
of the fragment to be amplified. For instance, in the case complementary strand (template) when the sequence to be 
where a nucleic acid sequence is inferred from protein amplified is contained in a mixture of complicated long- 
sequence information a collection of primers containing chain nucleic acid strands. A large molar excess is preferred 
sequences representing all possible codon variations based to improve the efficiency of the process, 
on degeneracy of the genetic code will be used for each 45 Deoxyribonucleoside triphosphates dATP, dCTP, dGTP 
strand. One primer from this, collection will be substantially and dTTP arc also added to the synthesis mixture in 
conserved with the end of the desired sequence to be adequate amounts to provide sufficient building blocks for 
amplified. synthesizing an extended primer sequence and the resulting 
A nucleic acid sequence is produced by using the target solution is heated to about 90° C. to about 110° C. for about 
nucleic acid containing that sequeuce as a template. If the 50 1 to 15 minutes, preferably from 1 to 4 minutes. After this 
target nucleic acid sequence of the sample contains two heating period the solution is allowed to cool to room 
strands, it is necessary to separate the strands of the nucleic temperature, which is preferable for the primer hybridiza- 
acid before it can be used as the template. This strand tion. To the cooled mixture is added an appropriate agent for 
separation can be accomplished using any suitable denatur- effecting the primer exteusion reaction (called herein "agent 
ing conditions, including physical, chemical or enzymatic 55 for polymerization"), and the reaction is allowed to occur 
means, the word "denaturing" used herein to include all such under conditions known in the art. The agent for polymer- 
means. One physical method of separating the strands of the ization may also be added together with the other reagents 
nucleic acid involves heating the nucleic acid until it is if it is heat stable. This synthesis reaction may occur at from 
denatured. Typical heat denaturation may involve tempera- room temperature up to a temperature above which the agent 
tures ranging from about 80° C. to about 105° C, for times 60 for polymerization no longer functions. Thus, for example, 
ranging from about 1 to 10 minutes. Strand separation may if DNA polymerase is used as the agent, the temperature is 
also be induced by an enzyme from the class of enzymes generally no greater than about 40° C. Most conveniently the 
known as helicases or the enzyme RecA, which has helicase reaction occurs at room temperature, 
activity and in the presence of riboATP is known to denature The agent for polymerization may be any compound or 
DNA. The reaction conditions suitable for separating the 65 system which will function to accomplish the synthesis of 
strands of nucleic acids with helicases are described by primer extension products, including enzymes. Suitable 
Kuhn IIoffmann-Berling, CSM-Quantitative Biology, 43:63 enzymes for this purpose include, for example, E. coli DNA 
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polymerase I, Klenow fragment of E. coli DNA polymerase 
I, T4 DNA polymerase, other available DNA polymerases, 
polymerase muteins, reverse transcriptase, and other 
enzymes, including heat-stable enzymes (i.e., those enzymes 
which perform primer extension after being subjected to 
temperatures sufficiently elevated to cause denaturation), 
that will facilitate combination of the nucleotides in the 
proper manner to form the primer extension products which 
are complementary to each nucleic acid strand used as a 
template. Generally, the synthesis will be initiated at the 3' 
end of each primer and proceed in the 5' direction along the 
template strand, until synthesis terminates. There may be 
agents for polymerization, however, which initiate synthesis 
at the 5* end and proceed in the other direction, using the 
same process as described above. 

The newly synthesized strand and its complementary 
nucleic acid strand (template strand) will form a double- 
stranded molecule under the hybridizing conditions 
described above and this hybrid is used in the succeeding 
steps of the process. In the next step, the double -stranded 
molecule is subjected to denaturing conditions using any of 
the procedures described above to provide single-stranded 
molecules if the target sequence is present. Denaturation of 
the complementary strands can be performed by subjecting 
the system to heat, for example 90° C to 110° C. for about 
2 to 15 minutes, or highly alkaline conditions, such as by the 
addition of sodium hydroxide. Denaturation can also be 
accomplished by adding organic acids, nucleic acid binding 
proteins or enzymes which promote denaturation. 

Preferably, the release of the first nucleic acid (template 
strand) allows further amplification of the desired product by 
allowing the extended nucleic acid sequence to act as a 
template for further hybridization reactions to form a second 
hybridization product. New nucleic acid may be synthesized 
on the single-stranded first hybridization product which is 
the extended nucleic acid sequence. Additional agent for 
polymerization, nucleotides and primers arc added, if 
necessary, for the reaction to proceed under the conditions 
prescribed above. Preferably a second primer is attached to 
the 3' end of the extended nucleic acid sequence and the 
second hybridization product will mimic the sequence of the 
first nucleic acid template strand. The 5' end of the second 
primer, attaches to the first extended nucleic acid, so that the 
3" end of the primer can be extended in the next hybridiza- 
tion process. The second primer will include a functional 5' 
end group to facilitate immobilization on a second solid 
support in subsequent reactions. 

Upon completion of the second hybridization product, the 
double stranded nucleic acid molecules comprising the first 
and second extended nucleic acid sequences is separated by 
any denaturing process as discussed hereinabove. Upon 
separation of the double stranded nucleic acid molecules, the 
first solid phase support is introduced to a standard electro- 
phoresis chamber comprising a second solid phase surface. 
Application of an electric field, in the electrophoresis cham- 
ber causes the newly hybridized nucleic acid strands (after 
separation) to migrate towards the second solid phase sur- 
face for an immobilization reaction. 

The present inventive method for amplifying target 
sequences comprises subjecting the synthesized nucleic acid 
strands in a suitable medium to an electric field generated by 
at least two electrodes arranged which serve as driving 
electrodes. A standard horizontal gel apparatus is described 
in T. Maniatis, E. R Fritsch. and J. Sambrook, Molecular 
Cloning: A Laboratory Manual, 153 (Cold Spring Harbor 
laboratory, 1982) which comprises a positive and negative 
electrode, submerged in solution at opposite ends of a buffer 
tank. 
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The driving electrodes have a potential difference 
imposed across them and this determines the general direc- 
tion of the electric field. The electric field effectively con- 
trols the migration of the no n -immobilized strand of nucleic 

5 acid effecting separation of nucleic acids strands. The field 
may be uniform or non-uniform and alternating/non- 
altemating fields may also be employed for modifying the 
resolution, migration path and rate of separation. 
The electrophoresis is carried out in a gel conventionally 

to prepared using agarose or polyacrylamide as the gelling 
agent, although other gelling agents may find use. In carry- 
ing out the method of the subject invention an electric field 
of a desired shape is created in the gel. The field is 
maintained during the electrophoresis and may be uniform 

15 or non-uniform, alternating or non-altemating. The gel is 
supported in a reservoir containing a buffered medium and 
located between the electrodes. The solid phase support may 
be loaded near one end of the gel. The gel is positioned 
within the electrode array to provide the proper migration 

20 direction for the charged sequence. 

In practice, the electrodes are suspended in a buffer tank 
and immersed in a buffer solution. The buffer solution can be 
circulated and cooled in conventional fashion. The first solid 
phase support is positioned in the chamber so that the 

25 direction of travel of the free nucleic acid is towards the 
second solid phase support. The potential across the elec- 
trodes is determined by the size of the free nucleic acid 
sequence that are moved through the electric field. The 
velocity of the free nucleic acids or biological materials is 

30 dependent on the strength electric field, the net charge on the 
free nucleic acid and friction resistance. The isoelectrical 
point should be determined for the free nucleic acid to 
determine the appropriate pH in the solution for increased 
velocity because the net charge is dependent upon the pH of 

35 the solution. Further, the primers may be provided with 
charged groups to increase the velocity in the electric field. 
The electric field may be continuous or pulsed and pulse 
times and voltages will vary with the size of the molecules 
to be resolved, pulse times being longer with larger biologi- 

40 cal molecules. Pulse times will generally be in the range of 
1 second to several hours, more usually in the range of 5 
seconds to 60 minutes. The voltages will generally be in the 
range of about 50 to about 500 volts which will effectively 
cause the migration of the free nucleic acid sequence in the 

45 direction of the second solid phase surface. 

Upon contact of the second primer with the second solid 
phase surface, it is immobilized thereon by attaching of the 
5 ! end of the second primer with a functional grouping on the 
second solid phase surface. 

50 The steps of extension product synthesis, denaturing and 
application of an electric field can be repeated as often as 
needed to amplify the first target nucleic acid sequence to the 
extent necessary for detection. The amount of the synthe- 
sized nucleic acid sequence produced will accumulate in an 

55 exponential fashion. 

When it is desired to produce more than one synthesized 
extended nucleic acid sequence from a mixture of target 
nucleic acids, the appropriate number of different oligo- 
nucleotide primers are utilized. For example, if two different 

60 nucleic acid sequences are to be synthesized, four primers 
are utilized. Two of the primers are specific for one of the 
specific nucleic acid sequences and the other two primers are 
specific for the second nucleic acid sequence. In this manner, 
each of the two different sequences can be produced expo- 

65 nentially by the present process. 

The invention also applies in particular to a process for the 
enzymatic propagation of nucleic acids on at least two 
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surfaces, and incorporating one or more of the following 
amplification cycles 

(a) immobilizing a first primer on a first surface of a solid 
phase; 

(b) adding a solution of nucleic acids and binding of 
complementary fragments to the first primer; 

(c) extending the first primer at its 3 ? end, corresponding 
to the complementary fragment, by means of a poly- 
merase; 

(d) releasing the complementary fragments by denaturing; 

(e) adding a second primer to the 3' end of the extended 
nucleic acid; 

(f) extending the second primer at its 3 ! end by means of 
a polymerase; 

(g) releasing the second primer extended nucleic acid and 
transferring to an additional surface for immobilization 
thereon; 

(h) adding additional first primer for extending the addi- 
tional first primer to the 3 ! end of the second extended 
primer. 

The present method is useful for the propagation of 
biological material on so-called "gene chips". Basically it is 
immaterial (as il is in any case in the method involved in this 
invention) whether the 5' end, the 3* end or an internal 
position within the sequence is used as the starting point for 
the link with the surface. 

'Ihe knowledge already exists regarding the attachment or 
synthesis of a large number of immobilized polymer com- 
pounds onto an object carrier as a way of demonstrating the 
action of selectively binding compounds on such carriers 
(Fodor et al., Science 251, 767-773, 1991; U.S. Pat. Nos. 
5,510,270, 5,489,678, 5,445,934, and 5,424,186). However, 
the process of producing such arrays of probes must be 
preceded by the creation and use of lithographic masks, and 
the initial monomer compounds must be provided with 
light-sensitive protective groups. The synthesis cycle in the 
case of peptide synthesis requires at least 20 such masks for 
each cycle, i.e. for n cycles the number of masks required is 
nx20; in the synthesis of oligonucleotides 4 such litho- 
graphic masks are required, i.e. if there are n cycles, nx4 
masks are required. These lithographic masks are needed to 
permit illumination at defined spatial points on the array, 
while preventing illumination at other points on the array. A 
light-sensitive protective group is split off at the defined, 
illuminated points, and this enables a reactive group to be 
released, to which a new monomer building block of the 
polymer can subsequently bind. Such arrays are built up 
through the repeated application of individual masks and the 
multiple repetition of coupling processes. Until now com- 
plicated and extremely expensive lithographic methods have 
been needed to produce such gene chips (see also U.S. Pat. 
No. 5,700,637). 

The methods of the present invention unexpectedly pro- 
vide a simple alternative to such methods described in the 
prior art, and moreover offer much greater levels of effi- 
ciency and precision. Because of the wealth of information 
that can be held on such gene chips, it is even possible to 
prepare entire genetic databases or libraries for screening 



takes place the non-allocated molecules of the library are 
transferred along with their original, site-specific informa- 
tion. We then have a "disarray" which, at the same time, is 
transferred in an organized form, while retaining site- 
5 specific information. 

Additional applications for the present invention include 
the production of gene chips for diagnostic purposes in both 
human and veterinary medicine. 

Immune reactions in the form of immunoassays or RIAs 
10 (antibody-antigen reactions) can also be carried out using 
the methods referred to in this invention. 

The invention offers previously unsuspected advantages 
for all known, relevant methods, i.e. conventional, medico- 
diagnostic and biochemical/biotechnological/genetic 
15 engineering, and consequently it opens up many fields of 
application. A few of these applicatioas are set forth below. 

The method referred to in this invention can be used for 
the qualitative and quantitative detection of DNA and RNA 
molecules. This method also enables complex genetic poly- 
20 morphism and multiple alleles to be analyzed simulta- 
neously. The propagation of the DNA or RNA molecules on 
solid phases enables the avoidance of primer artifacts (e.g. 
primer-dimcrs). The fact that the sample to be quantified is 
only introduced at the start of the process and that subse- 
25 quently all propagation products are firmly attached to the 
surfaces by specific bonds can be seen as yet another 
advantage. In this way the frequent interference from signals 
produced by impurities during PCR diagnosis is avoided. 
Surface purity can be improved by the electrostatic rejection 
30 of non-specifically bonded DNA or RNA molecules. The 
method can therefore be applied in functional genomics and 
pharmacogenoraics (see Oliver et al. Trans Biotechnol. 16, 
373-378 (1998); Housman and Ixdley, Nature Biotechnol- 
ogy 16, 492-493 (1998)). 
35 The methods referred to in this invention can be used to 
detect differential gene expressions. Furthermore the process 
can be combined with state of the art methods such as 
differential display RT-PCR (DDRT-PCR), serial analysis of 
gene expression (SAGE) or differential hybridization (Wan 
40 et al., Nature Biotechnology 14, 1685-1691 (1996))! 

For rapid qualitative and quantitative detection the meth- 
ods of the present invention can be combined with known, 
state-of-the-art sensoring methods, e.g. surface plasmon 
resonance sensors, evanescent field sensors, faser optic 
45 sensors, grating couplers or R1FS (reflector-interferometer 
spectroscopy) (Scheller et al., Frontiers in Biosensorics, 
Birkhauser Verlag Basel (1997)). 

The compilation of gene and genome libraries in accor- 
dance with this invention can be combined with the known, 
50 state of the art process for the ligation of adapters or linkers. 
One particular advantage of this process is that, when two 
different primers are used for surface immobilization, only 
molecules with two different adapters or linkers are propa- 
gated. In this way the respective, complementary, individual 
55 strands on the surfaces are propagated separately. 

Moreover, a combination is also possible with processes 
which permit site-specific immobilization and the re-sorting 
of surface-bonded molecules. These include firstly the meth- 
ods based on arrays of electrodes in which one or more 



purposes. The purpose of this invention is to arrange the 60 specific microelectrodes can be selectively triggered. In such 



nucleic acids two-dimension ally on the fixed carrier, and to 
transfer them in accordance with this arrangement. As 
defined by this invention the two-dimensional arrangement 
can also be regarded as a "disarray". Especially in the case 
of large libraries there inevitably no specific allocation with 
regard to the way in which individual molecules bind to 
particular sites. In a spatial sense, however, when a traasfer 



cases, the arrays of electrodes may be made up using 
semiconductor chips, for example, such as those developed 
by the Nanogen Company (www.nanogen.com). Other 
methods involve the use of scanning techniques, in which 
piezoelectric elements are used to ensure extremely precise 
lateral addressing down to the sub-nanometer range. The 
preferred approach involves the use of scanning electro- 
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chemical microscopy (SECM) for electrochemical deposi- Consequently, the methods of the present invention can be 

lion of molecules. This can also be used in association with used in particular for cloning genomic fragments of DNA, 

electrochemical probes for detection purposes. Methods cDNA and RNA, especially using replica live polymerases, 

such as atomic force microscopy (AFM) are also suitable for e.g. polymerase III derived from Escherichia coli. 

the lateral translocation of individual molecules. 5 Advantageously, errors are avoided in the replication pro- 

The gene and genome libraries compiled in accordance cess. Moreover, subcloning is available following 

with the methods of the present invention can be sequenced restrict ion -digesting. Subcloning has a part to play in the 

using the known state-of-the-art method, e.g. sequencing by sequencing of large genomic fragments and the present 

chemical splitting, sequencing by hybridization, sequencing methods achieve considerable time savings during sorting 

by capillary electrophoresis or MALDI mass spectrometry 10 the large libraries of nucleic acids, for example by the use of 

(see Adams, Fields, Venter in: Automated DNA Sequencing subcloning techniques such as "shotgun cloning" and the 

and Analysis, Academic Press, 1994). The gene and genome creation of selective deletion variants, e.g. exonuclcase HI 

libraries thus compiled can be used to allocate DNA and treatment (see Adams, Fields, Venter, in: Automated DNA 

RNA-binding factors. For example the specific binding sites Sequencing and Analysis, Academic Press, 1994). 

for transcription activators or repressors can be detected 15 Further, the present invention has advantages for sorting 

simultaneously. The gene and genome libraries used may be adjacent fragments through the use of hybridization lech- 

either single or double stranded. niques ("chromosome walking"). 

The methods of the present invention may be used for Using the instant methods in order to copy gene chips 

gene and genome synthesis and for the recombination of offers previously unsuspected possibilities. For example, 

genetic material. The method described in FIG. 7 (see 20 gene chips can be used with a library of viral antigens as the 

below) permits the connection of any number of fragments source material. The reaction with a patient's blood and the 

possessing only partial complementarity. In particular it action of binding the antibodies that the blood contains 

enables open scanning grids to be provided with suitable enable an immune reaction to be detected. The process can 

starting signals for biological expression systems. In addi- be repeated any number of times, which in turn strengthens 

tion the process can be coupled with in-vitro transcription 25 the signal. To an extent a linear propagation thus takes place, 

and in-vitro translation, because transcription and translation weak immune signals can be identified. This is useful, for 

products can be created while retaining site information. example, in the diagnosis of AIDS, which, as is commonly 

Also, it is possible to test the spatial arrangement of these known, is difficult to detect at the start of the infection. It is 

products in the way that they interact with other factors. This also possible to identify diseases or allergies in their early 

enables functional allocations to be detected simultaneously 30 stages. The present methods are also suitable for the expo- 

whicb, in the current stale of the art, is only found in nential propagation which may occur when using an immo- 

complicated systems such as the "Two Hybrid-System" bilized antigen. In addition, using semi-conductor technol- 

(Fredericson, Curr. Opin. Biotechnol. 9, 90-9.6 (1998)). ogy and/or micromanipulation ("align techniques") a sorting 

Thus, using the present methods, new effective pharmaco- process can be carried out on gene chips. It is also possible 

logical sites can be found, or new diagnostic strategies 35 to provide the charged nucleic acids with a positively 

developed. charged group of headings, which predominates in the 

Moreover, the process can be combined with known, stale overall charge. This enables the molecules to be aligned in 

of the art methods for finding functional molecules from the electrical field, permitting a high charge density on the 

combinatorial libraries. For example, a target molecule can chips (DNA/RNA). 

be immobilized on a first surface. The non-binding RNA or 40 FIG. IA describes a general process for the propagation of 

DNA molecules can be separated following contact with a ligands and receptors on two surfaces; the individual stages 

combinatorial nucleic acid library. The binding molecules are: 

obtained from the combinatorial library are transferred to a (1) as a result of a binding reaction, a ligand is immobi- 

second surface, using the process to which this invention \[ 7£ d on the surface of a solid carrier; 

refers. 'ITiey are provided with information about the site and 45 (2) lhe u d binds a 

then propagated. Details about the composition of the bind- ; ' , . - , , 

ing molecules can be obtained through sequencing. < 3 > the receptor is transtcrrcd to a second surface by the 

In addition a cvclical procedure can be used to achieve application of an electrical held whereon the receptor is 

evolutive optimization of the binding molecules. The mol- immobilized by a reaction; 

ecules that have already been selected are again brought into 50 ( 4 ) a free ll S and 1S added 10 the immobilized receptor; and 

contact with the immobilized target molecules and are again (5) the ligand is transferred to the second surface (with the 

propagated. Faulty propagation leads to the creation of aid of an electrical field) for immobilization thereon, 

secondary molecules, in some cases with improved binding The process may be carried out or repeated any number of 

properties. The population of the sequence derived from the times. 

primary sequence through mutation is referred to by Eigen 55 PIG- IB shows the process in accordance with FIG. 1A, 

as a quasi-sequence. The process to which this invention but here an intermediate layer is placed between the two 

refers Is distinguished by the fact that the members of the substantially solid phase surfaces. This intermediate layer is 

quasi-species are spatially co-localized, giving a lateral chosen from among a group comprising a gel, a membrane, 

dimension to the concept of the quasi-species. a polymer, a ceramic and/or a so-called capillary tube array. 

By applying increasingly stringent conditions, e.g. reduc- 60 When an electrical field is applied, the non-immobilized 

tion of the target concentration and increased flushing, it is molecule travels via the intermediate layer to the second 

possible to attain systematic optimization of the functional surface, where it is immobilized. The intermediate layer can 

properties. The selection pressure can also be achieved be permeated by nucleic acids and/or ligands/rcceptors. 

through increasing electrostatic repulsion. Moreover the FIG. 2 describes a general process for propagating ligands 

process can also be combined with known, state of lhe art 65 and receptors on a surface; the individual stages are: 

methods for the selection of catalytic nucleic acids (Tarosow (1) a ligand is immobilized on the surface of a solid carrier 

et al., Nature 389, 54-57 (1997)). by a binding reaction; 
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(2) the ligand binds a receptor; 

(3) the receptor is transferred to the surface by the 
application of an electrical field to be immobilized 
thereon by a reaction; 

(4) a free ligand is added to the immobilized receptor; and 

(5) the ligand is immobilized on a surface by means of a 
reaction. 

The process may be repeated any number of times. 

FIG. 3 A describes a process for the enzymatic propaga- 
tion of nucleic acids on two surfaces, with the individual 
stages of the process being shown in fast motion as follows: 

(1) a first primer A is immobilized by a binding reaction 
on a solid carrier surface; 

(2) the primer A bonds complementary fragments from a 
solution of nucleic acids; 

(3) the primer A is extended by a polymerase at its 3 ! end; 

(4) the complementary fragments are released; 

(5) a second primer B is added to the 3' end of the 
extended nucleic acid; 

(6) the primer B is extended by a polymerase at its 3* end; 

(7) the extended, non-immobilized primer B is transferred 
to a second surface by applying an electrical field, 
wherein the two surfaces having opposed polarities, 
and the extended primer B is immobilized thereon by a 
binding reaction; 

(8) an additional primer A is added to the 3' end of the 
extended primer B; 

(9) the primer A is extended by a polymerase at its 3 ! end; 

(10) the extended primer A is transferred to an additional 
surface by applying an electrical field, with the two 
surfaces having opposed polarities, and the extended 
primer A is immobilized there by a reaction; (in this 
case, unlike in stage (7) the polarities are reversed) (11) 
another primer B is added to the 3' end of the extended 
primer A. 

The process is then repealed any number of limes, pref- 
erably by means of a cycle of polarity reversals. 

FIG. 3B shows the process in accordance with FIG. 3A, 
but here an intermediate layer is placed between the two 
surfaces. This intermediate layer is chosen from among a 
group comprising a gel, a membrane, a polymer, a ceramic 
and/or a so-called capillary tube array. When an electrical 
field is applied, the non-immobilized molecule travels via 
the intermediate layer to the second surface, where it is 
immobilized. 

FIG. 4 shows a basic process for the enzymatic propaga- 
tion of nucleic acids on only one surface; the individual 
stages are as follows: 

(1) a first primer A is immobilized by a reaction on the 
surface of a solid carrier; 

(2) the primer A binds complementary fragments from a 
solution of nucleic acids; 

(3) the primer A is extended by a polymerase at its 3' end; 

(4) the complementary fragments are released; 

(5) a second primer B is added to the 3' end of the 
extended nucleic acid; 

(6) the primer B is extended by a polymerase a l its 3' end; 

(7) the extended, non-immobilized primer B is transferred 
to the surface of the solid carrier by applying an electric 
field and bonded thereon by means of an irreversible 
reaction, the charged primer B being conducted along 
the field; and 

(8) an additional primer A is added to the 3' end of the 
extended primer B. 
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The process can be continued any number of times. 

In contrast, FIG. 5 shows a process for copying nucleic 
acids onto a second surface; the individual stages are as 
follows: 

(1) immobilization of nucleic acids by a reaction with the 
surface of a solid carrier; 

(2) production of double -stranded molecules through the 
hybridization of complementary single strands; alter- 
natively chemical or enzymatic ligation of complemen- 
tary fragments may take place, or chemical or enzy- 
matic cxteasion of complementary primers; and 

(3) transfer of complementary strands to a second surface, 
where they are immobilized; this is done preferably by 
applying an electrical field, the two surfaces being of 
opposing polarities. 

FIG. 6 is a diagram showing two systems of coordinates 
containing numerous fields which are intended to illustrate 
two surfaces, such as those used, for example, in the case of 
gene chips or membranes. The lower surface contains the 
information to be copied, which is transferred to the upper 
surface by the application of an electrical field (not shown) 
corresponding to the process described in FIG. 3 A. 1 1 is then 
immobilized on this surface. 

FIG. 7 shows a process for synthesizing genes and 
genomes, and for recombination; the individual stages are as 
follows: 

(1) a primer A is immobilized by a reaction on the surface 
o of a solid carrier; 

(2) the primer A binds complementary fragments from a 
solution of nucleic acids; 

(3) the primer A is extended by a polymerase at its 3' end; 

(4) the complementary fragments are released; 

(5) a second fragment, complementary with the 3' end of 
the extended primer A, is added, and here partially 
complementary fragments with overhanging 3' ends are 
sufficient; 

(6) the extended primer A is elongated; 

(7) the complementary fragments are released. 
Stages (5)~(7) can be repeated any number of times; 

(8) a second primer B is added at the 3' end of the 
extended primer A; 

(9) the primer B is extended by a polymerase at its 3' end; 
and 

(10) as described in FIG. 1A, Stage 7, the extended primer 
B is transferred to a second surface. The advantage of 
this step is that incompletely extended primer A mol- 
ecules are separated out. The extended primer B can 
again be used for extension reactions. 

FIG. 8 shows a process for the selective mutagenesis of 
nucleic acids (site -directed mutagenesis); the individual 
stages are as follows: 

(1) a nucleic acid A immobilized by a reaction on the 
surface of a solid carrier; the nucleic acid may be one 
of the products of the processes referred to above; 

(2) the nucleic acid A binds complementary fragments 
from a solution of nucleic acids which display defective 
base pairing (mutation fragment); a primer B is also 
added; the mutation fragment may also be identical 
with the primer B; 

(3) the mutation fragment and the primer B are extended; 

(4) the extended molecules are ligated wilh one another; 
and 

(5) the extended primer B is transferred to a second 
surface, as described in FIG. 1A, Stage 7. 
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The advantage of this approach is that the second surface 
only contains mutated molecules. 

FIG. 9 shows a process for cloning and sequencing 
genomic fragments: 

(1) following restriction-digesting the DNA fragments are 
ligated with two different linkers, which specify the 
sequence of the primers A and B to be used, the 
genomic fragments are singled out in accordance with 
the process shown in FIG. 3A; (In the propagation 
process only those fragments are amplified which carry 
the various linkers) 

(2) the fragments that are singled out and amplified are 
sorted by means of hybridization ("chromosome 
walking"); 

(3) the sorted fragments are propagated individually, split 
with the use of restriction endonucleases, and sub- 
cloned; and 

(4) the subcloned fragments can again be sorted using 
hybridization techniques. 

FIG. 10 shows a process for the functional analysis of 
genomic fragments. 

(1) DNA fragments are sorted, as described in FIG. 9; 

(2) the single-stranded fragments are augmented by 
chemical or enzymatic synthesis to produce double 
strands; and 

(3) the fragments are brought into contact with factors 
(e.g. repressor proteins, activator proteins). Proof of 
specific binding with specific fragments of nucleic 
acids enables a functional allocation to take place, in a 
genomic context. 

FIG. 11 shows a process for the parallel quantifying of the 
gene expression. 

(1) following reverse transcription from mRNA, the DNA 
fragments are provided with linkers and are singled out, 
as described in FIG. 9; 

(2) the cDNA fragments are sorted; 

(3) the cDNA fragments are sequenced; 

(4) copies of the sorted and sequenced libraries are 
brought into contact with cellular mRNAs from a 
healthy cell. The specific hybridization events are con- 
firmed using known, state-of-the-art processes (e.g. 
fluorescent reporter groups); 

(5) in an analog manner the cellular mRNAs from a 
pathologically altered cell (e.g. a tumorous cell) are 
brought into contact with another copy of the library; 
and 

(6) a comparison of gene expression samples that have 
been quantified in this way enables identification to be 
made of the gene associated with the disease. 

FIG. 12 shows the use of the process as a means of 
improving the signal-to-noise ratio in the detection process: 

(1) a library is set up in accordance with the process 
described in FIG. 9 or 11; 

(2) the library is brought into contact with the single- 
stranded DNA or RNA to be analyzed; 

(3) the hybridizing DNAs or RNAs are transferred to the 
opposite surface, while retaining the site information; 

(4) steps 2 and 3 are repeated; and 

(5) step 4 can be carried out or repeated any number of 
times. Signal measurement can be conducted using 
sensitive scanning techniques such as scanning elec- 
trochemical microscopy (SECM) or atomic force 
microscopy (AFM). 

FIG. 13 shows the process when used for the functional 
allocation of proteins: 
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(1) a library is compiled in accordance with the process 
described in FIG. 9 or FIG. 11, in which one of the two 
linkers used contains a starter sequence for an RNA 
polymerase; (The promoter can also be added after- 
wards by means of the process described in FIG. 7) 

(2) the DNA fragments are sorted; 

(3) chemical or enzymatic synthesis is used to make the 
single-stranded fragments into double -strands; 

(4) in-vitro transcription is used to translate the double- 
stranded DNA fragments into RNA, the RNAs thus 
created are transferred to a new surface by the appli- 
cation of an electrical field and the provision of site 
information; and 

(5) the RNA library is translated into proteins by in-vitro 
translation, the proteins thus created are transferred to 
a new surface by the application of an electrical field 
with the preservation of site information: (Because 
proteins may possess widely differing net charges, it is 
preferable to repeat the in-vitro translation stage, car- 
rying out the transfer stage with reversed polarity) The 
protein library is brought into contact with one or more 
factors (proteins, RNAs, DNAs, other molecules with a 
biological or chemical origin). The specific binding 
events are demonstrated by known, state-of-the-art 
processes. Proof of the specific binding permits the 
simultaneous detection of functional interactions. 

FIG. 14 shows how the process is used to screen combi- 
natory protein libraries: 

(1) a library of oligonucleotides is produced by chemical 
synthesis in accordance with known, slate-ol-lhe-arl 
processes; 

(2) the library of oligonucleotides is extended in the 
direction of the 3'- and 5'-lerminals by means of the 
process described in FIG. 7; (The extending sequences 
provide codes, for example for the constant regions of 
a single chain antibody) 

(3) chemical or enzymatic synthesis Is used to make the 
single-stranded fragments into double-strands; 

(4) in-vitro transcription is used to translate the double - 
stranded DNA fragments into RNA, the RNAs thus 
created are transferred to a new surface by the appli- 
cation of an electrical field and the preservation of site 
information; 

(5) the RNA library is translated into proteins by in-vitro 
translation, the proteins thus created are traasferred to 
a new surface by the application of an electrical field 
and the provision of site information; and 

(6) the protein library is brought into contact with one or 
more factors (proteins, RNAs, DNAs, other molecules 
with a biological or chemical origin). The specific 
binding events are demonstrated by known, state-of- 
the-art processes. Proof of the specific binding permits 
the simultaneous detection of functional interactions. 

Various features and advantages of the present invention 
are further illustrated by the following non-limiting 
example. 

EXAMPLE I 

The invention is explained using the following working 
example, i.e. a process for propagating nucleic acids on two 
surfaces: Synthesis of the primer A led to a biotin label at its 
5 ! end, whereas the primer B received a fluorescein label at 
its 5' end. The labels were produced in accordance with the 
usual state-of-the-art methods, for example phosphoamide 
chemistry. Primer A was coupled with a membrane A. A 
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paper membrane was used as the surface, since this is known dithiothreitol. Disulphide replacement reactions occur in the 

to allow the permeation of nucleic acids. presence of these reagents, leading to the splitting off of 

Covalent, coupled streptavidin was applied to this mem- 2-thiopyridons, with the result that the thiol groups released 

brane.The coupling look place through the reciprocal action in lms wav cao react on lne extended primer with the 

between the biotin and streptavidin. A DNA strand that is 5 thioester on the membrane. This reaction initially leads to 

complementary to primer A was hybridized on this primer A. the formation of a thioester which, due to the presence of the 

The primer A was extended at the 3 ! end with taq-polymerase adjacent intramolecular amino group of the cysteine, reacts 

or with the Klenow fragment of the polymerase 1. Subse- t0 form an amide. 

quent denaturing was carried out by heating to 90° C One feature of the invention resides broadly in a method 

(alternatively denaturing can also be carried out using a ™ for propagating ligands and receptors on at least two 

common denaturing reagent). To hybridize the primer B the surfaces, encompassing one or more of the following cycles: 

denaturing solution was replaced by a solution containing a) Immobilization of a ligand on a first surface of a solid 

TRIS-borate-EDTA-buffers. The primer B was then also phase; b) Adding a solution of receptors and binding 

extended in the same way as primer A (see also FIGS. 3 and complementary receptors to the ligands; c) Transferring the 

4). i- s receptor to an additional surface and immobilizing the 

Using standard electrophoresis apparatus the membrane A receptor at that location; d) Attaching an additional ligand to 

was placed on a gel, PAGE gel being preferred. Previously * c immobilized receptor; e) Traasferring the ligand to a 

a membrane B was applied to the reverse of the gel, on surface and immobilizing it at that location, 

which fluorescein antibodies had been immobilized. This Another feature of the invention resides broadly in a 

"sandwich" was held mechanically in a frame, where it was 20 method according to Claim 1 , in which the surface in stage 

stabilized, and then placed in an electrophoresis chamber (c) and (e) is a second surface which is spatially separated 

designed to ensure separation of both buffers, i.e. the sand- from the first. 

wich separates the anode and cathode compartments. A Yet another feature of the invention resides broadly in a 

voltage was applied to match the thickness of the gel (in this n method in which the transfer in stage (c) and (e) is achieved 

case 300 v), and subsequently a denaturing agent was 25 by the application of an electrical field, 

flushed into the electrolyte in the (-)-compartment (e.g. a Still another feature of the invention resides broadly in a 

solution of urea). After being heated to 70° C. electrophore- method in which the electrical field is applied between the 

sis was carried out. This caused the extended primer B to first and second surface. 

become detached and travel through the gel layer on the a further feature of the invention resides broadly in a 

membrane B, where it was subsequently bound and immo- ' method for the enzymatic propagation of nucleic acids on at 

bilized by binding onto the fluorescein antibodies. | easl lwo surfaces, encompassing one or more of the fol- 

The sandwich was then removed from the electrophoresis lowing amplification cycles: a) Immobilization of a first 

chamber, the membranes were removed from the gel, and in primer on one of the first surfaces of a solid phase; b) 

accordance with the method described previously, the „ Administration of a solution of nucleic acids and binding of 

primer A was again hybridized and extended. Both mem- * complementary fragments to the first primer; c) Extension of 

branes were then laid on a fresh PAGE gel shaped to enable the first primer at its 3' end, corresponding to the comple- 

both membranes to fit accurately in their original mentary fragment, by means of a polymerase; d) Release of 

orientation, retaining the site information. Then, as the complementary fragments; e) Attaching a second primer 

described above, electrophoresis was carried out, but in such 4Q to the 3' end of the extended nucleic acid; 0 Extension of the 

a way that the membrane B, previously in the (+) compart- second primer at its 3' end by means of a polymerase; g) 

ment (anode compartment), was now allocated to the (-) Transfer of the second primer to another surface and immo- 

compartment (cathode compartment). bilizalion of the extended primer; h) Attaching another first 

Alternatively the experiment can be carried out in a primer to the 3' end of the second, extended primer; Another 

microfluid apparatus, in which the membranes and elec- 45 feature of the invention resides broadly in a method in which 

trodes are firmly positioned, whereas the anode and cathode " the surface in stage (g) is a second surface which is spatially 

compartments are flushed out separately and can be flushed separated from the first. 

using the corresponding reagent. The weakly cross-linked Yet another feature of the invention resides broadly in a 

gels that are commonly used in capillary electrophoresis are method in which the transfer in stage (g) is achieved by the 

used in this apparatus. The gels are then replaced for each 50 application of an electrical field. 

process. Still another feature of the invention resides broadly in a 

Alternatively the experiment can also be carried out using method in which the electrical field is applied between the 

activatable reactive primers. In the context of this invention, and second surface. 

activatable reactive primers are understood as those pos- A further feature of the invention resides broadly in a 

sessing a reactive function, and whose reactivity can be 55 method in which the following amplification stages occur 

influenced by the choice of suitable external conditions. following the transfer to the second surface: a) Extension of 

These external conditions may be of a chemical, electro- this first primer to its 3' end, corresponding to the comple- 

chemical or photochemical nature. An oligonucleotide pos- mentary fragment, by means of a polymerase; b) Transfer of 

sessing a cysteine unit via an amino linker whose thiol group the extended primer to the first or another surface and 

is protected in the form of a 2-thiopyrideisulphide group is 60 immobilization of the primer; c) Attachment of another 

one example of an activatable reactive primer. In this case second primer to the 3' end of the extended first primer, 

the membrane contains carboxy groups in the form of Another feature of the invention resides broadly in a 

reactive thioesters. Redox-neutral reaction conditions are method for copying nucleic acids from a first to a second 

used in hybridization. After traveling through the field the surface, encompassing the following stages of the method: 

extended primer reaches a membrane on or in which reduc- 65 a) Immobilization of nucleic acids through a reaction with 

tive conditions apply. Reductive conditions are created by the surface of a solid carrier; b) Production of double- 

the presence, for example, of thiols such as dilhioerylrol or stranded molecules by hybridization of complementary 
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single strands; or c) chemical or enzymatic ligation of 
complementary fragments; d) chemical or enzymatic exten- 
sion of complementary primers; e) Transfer of complemen- 
tary strands to a second surface, and their immobilization. 

Yet another feature of the invention resides broadly in a 5 
method in which the transfer in stage (c) occurs by the 
application of an electrical field, in which the electrical field 
is applied between the first and second surface. 

Still another feature of the invention resides broadly in a 
method in which the nucleic acids on the solid carrier are 30 
arranged two-dimensionally and arc transferred in this order, 
while retaining site information. 

A further feature of the invention resides broadly in a 
method in which the solid phase material is selected from J5 
organic or anorganic material or from a hybrid of these 
materials, and represents a two- or three-dimensional matrix. 

Another feature of the invention resides broadly in a 
method in which the immobilization takes place through 
covalent or non-covalent binding. 2 o 

Yet another feature of the invention resides broadly in a 
method in which the nucleic acids, ligands, receptors or their 
derivatives are provided with a detectable label. 

Still another feature of the invention resides broadly in a 
method in which the label is selected from the group of 25 
radioisotopes, stable isotopes, enzymes, immunoreactive 
compounds, fluorescence or luminescence chemicals, 
chromophores, metals or charged particles. 

A further feature of the invention resides broadly in a 
method according to at least one of the previous claims, in 30 
which the solution of nucleic acids includes D- and/or 
L-nucleic acids. 

Yet another feature of the invention resides broadly in a 
method according to at least one of the previous claims, in 
which an intermediate layer that can be permeated by 
nucleic acids and/or ligands/receptors is placed between the 
surfaces. 

Still another feature of the invention resides broadly in a 
method in which the intermediate layer is selected from the 
group comprising a gel, a membrane, a polymer, a ceramic 
and/or a co-called capillary lube array. 

A further feature of the invention resides broadly in a 
method in which the nucleic acids are provided with a 
positively charged group of headings. 

Another feature of the invention resides broadly in a 
method in which, during the respective transfer stage within 
the respective method sequence, the scale can be reduced 
and/or increased, while retaining the site information. 
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in the embodiments of the present invention, as well as 
equivalents thereof. 

The appended drawings in their entirety, including all 
dimensions, proportions and/or shapes in at least one 
embodiment of the invention, are accurate and are hereby 
included by reference into this specification. 

All, or substantially all, of the components and methods 
of the various embodiments may be used with at least one 
embodiment or all of the embodiments, if more than one 
embodiment is described herein. 

All of the patents, patent applications and publications 
recited herein, and in the Declaration attached hereto, are 
hereby incorporated by reference as if set forth in their 
entirety herein. 

The corresponding foreign and international patent pub- 
lication applications, namely, Federal Republic of Germany 
Patent Application No. 198 54 946.6, filed on Nov. 27, 1998, 
entitled KOPIEREN UND KLONIEREN AN 
OBERFLACHEN, having inventors Jens Peter FURSTE, 
Sven KLUSSMANN, and Thomas KLEIN, and DE-OS 198 
54 946.6, having inventors Jens Peter FURSTE, Sven 
KLUSSMANN, and Thomas KLEIN, and DE-PS 198 54 
946.6, having inventors Jens Peter FURSTE, Sven 
KLUSSMANN, and Thomas KLEIN, and International 
Application No. PCT/DE99/03856, entitled KOPIEREN 
UND KLONIEREN AN OBERFLACHEN, filed on Nov. 
26, 1999, having inventors Jens Peter FURSTE, Sven 
KLUSSMANN, and Thomas KLEIN, as well as their pub- 
lished equivalents, and other equivalents or corresponding 
applications, if any, in corresponding cases in the Federal 
Republic of Germany and elsewhere, and the references and 
documents cited in any of the documents cited herein, such 
as the patents, patent applications and publications, are 
hereby incorporated by reference as if set forth in their 
entirety herein. All the patents, patent applications and 
publications anywhere in the present application, such as the 
references and documents cited in any of the documents 
cited herein, are hereby incorporated by reference as if set 
forth in their entirety herein. 

The details in the patents, patent applications and publi- 
cations may be considered to be incorporable, at applicant's 
option, into the claims during prosecution as further limita- 
tions in the claims to palentably distinguish any amended 
claims from any applied prior art. 

The invention as described hereinabove in the context of 
the preferred embodiments is not to be taken as limited to all 
of the provided details thereof, since modifications and 
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use of the method according to Claims 5 to 9 for cloning 
genomic fragments of DNA, cDNA und RNA. 

Still another feature of the invention resides broadly in the 
use for subcloning following restriction-digesting. 

A further feature of the invention resides broadly in the 
use of the method for strengthening an immunological 
ligand/receptor pair. 

Another feature of the invention resides broadly in the use 
of the method tor strengthening the ligand signal. 

Yet another feature of the invention resides broadly in the 
use of the method for sorting adjacent fragments by using 
hybridization techniques (chromosome walking). 

Still another feature of the invention resides broadly in the 
use of the method for the copying of gene chips. 

The components disclosed in the various publications, 
disclosed or incorporated by reference herein, may be used 



spirit and scope of the invention. 
What is claimed is: 

1. A method for propagating ligands and receptors on at 
least two surfaces, comprising one or more of the following 
55 cycles: 

(a) immobilizing a first ligand on a first surface of a solid 
phase; 

(b) adding a solution of receptors and binding complc- 
6q mentary receptors to the first ligand; 

(c) transferring the receptor to a location on a second 
surface and immobilizing the receptor at that location; 

(d) attaching an additional ligand to the immobilized 
receptor; and 

65 (e) transferring the additional ligand to the first surface 
and immobilizing it at that location, wherein the steps 
set forth above may be repeated multiple times. 
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2. The method according to claim 1, wherein the transfer 
in stage (c) and (e) is achieved by the application of an 
electrical field. 

3. The method according to claim 2, wherein the electrical 
field is applied between the first and second surface. 

4. The method according to claim 1, wherein the solid 
phase is selected from a member of the group consisting of 
organic or inorganic material or from a hybrid of these 
materials, and represents a two- or three-dimensional matrix. 

5. A method for strengthening an immunological ligand/ 
receptor pair, comprising one or more of the following 
cycles: 

(a) immobilizing a first ligand on a first surface of a solid 
phase; 

(b) adding a solution of receptors and binding comple- 
mentary receptors to the first ligand; 

(c) transferring the receptor to a location on a second 
surface and immobilizing the receptor at that location; 

(d) attaching an additional ligand to the immobilized 
receptor; and 

(e) transferring the additional ligand to the first surface 
and immobilizing it at that location, thus strengthening 
an immunological ligand/receptor pair, wherein the 
steps set forth above may be repeated multiple times. 

6. A method for strengthening a ligand signal, comprising 
one or more of the following cycles: 

(a) immobilizing a first ligand on a first surface of a solid 
phase; 

(b) adding a solution of receptors and binding comple- 
mentary receptors to the first ligand; 

(c) transferring the receptor to a location on a second 
surface and immobilizing the receptor at that location; 

(d) attaching an additional ligand to the immobilized 
receptor; and 

(e) transferring the additional ligand to the first surface 
and immobilizing it at that location, thus strengthening 
an ligand/signal, wherein the steps set forth above may 
be repeated multiple times. 

7. A method for the enzymatic propagation of a nucleic 
acid sequence on at least two surfaces, comprising: 

(a) immobilizing a first primer on at least one first surface 
of a solid phase; 

(b) administering a solution of nucleic acids comprising 
complementary fragments to the first primer; 

(c) binding of complementary fragments to the first 
primer; 

(d) extending the first primer at its 3' end, corresponding 
to the complementary fragment by means of a poly- 
merase; 

(e) releasing the complementary fragments; 

(f) attaching a second primer to the 3' end of the extended 
nucleic acid; 

(g) extending the second primer at its 3 ! end by means of 
a polymerase; 

(h) transferring the second primer to another surface and 
immobilization of the extended primer; and 

(i) attaching another first primer to the 3 ! end of the second 
extended primer for further extending of the first 60 
primer. 

8. The method according to claim 7, wherein the surface 
in step (h) is a second surface which is spatially separated 
from the first. 

9. The method according to claim 7, wherein the transfer 65 
in step (h) is achieved by the application of an electrical 
field. 
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10. The method according to claim 9, wherein the elec- 
trical field is applied between the first and second surface. 

11. The method according to claims 7, further comprising 
the following amplification steps 

(j) extending this first primer to its 3' end, corresponding 
to the complementary fragment, by means of a poly- 
merase; 

(k) transferring of the extended primer to the first or 
another surface and immobilization of the extended 
primer thereon; and 

(1) attaching of another second primer to the 3' end of the 
extended first primer. 

12. A method for cloning genomic fragments of DNA, 
cDNA and RNA, comprising: 

(a) immobilizing a first primer on at least one first surface 
of a solid phase; 

(b) administering a solution of nucleic acids comprising 
complementary fragments to the first primer; 

(c) binding of complementary fragments to the first 
primer; 

(d) extending the first primer at its 3' end, corresponding 
to the complementary fragment by means of a poly- 
merase; 

(e) releasing the complementary fragments; 

(f) attaching a second primer to the 3' end of the extended 
nucleic acid; 

(g) extending the second primer at its 3 ! end by means of 
a polymerase; 

(h) transferring the second primer to another surface and 
immobilization of the extended primer; 

(i) attaching another first primer to the 3' end of the second 
extended primer for further extending of the first 
primer; 

(j) extending this first primer to its 3' end, corresponding 
to the complementary fragment, by means of a poly- 
merase; 

(k) transferring of the extended primer to the first or 
another surface and immobilization of the extended 
primer and (m) cloning fragments produced by the 
above steps thereon; 

(1) attaching of another second primer to the 3' end of the 
extended first primer. 

13. The method according to claim 11, wherein the 
nucleic acids on the solid phase surface are arranged two- 
dimensionally and are transferred in this order, while retain- 
ing site information. 

14. The method according to claim 11, wherein the solid 
phase surface is selected from a member of the group 
consisting of organic or inorganic material or from a hybrid 
of these materials, and represents a two- or three- 
dimensional matrix. 

15. The method according to claims 11, wherein immo- 
bilization on the solid phase lakes place through covalent or 
non-covalent binding. 

16. The method according to claim 7, where the nucleic 
acids are provided with a detectable label. 

17. The method according to claim 16, wherein the label 
is selected from a member of the group consisting of 
radioisotopes, stable isotopes, enzymes, immunoreactive 
compounds, fluorescence or luminescence chemicals, 
chromophores, metals or charged particles. 

18. The method according to claim 7, wherein the nucleic 
acids include D- and/or L-nucleic acids. 

19. The method according to claim 7 wherein an inter- 
mediate layer is placed between the surfaces. 
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20. The method according to claim 19, wherein the 
intermediate layer is selected from the group consisting of 
gel, a membrane, a polymer, a ceramic and capillary tube 
array. 

21. The method according to claim 7, wherein the nucleic 
acids are each provided with a positive charge. 

22. A method for sorting adjacent fragments by using 
hybridization techniques, comprising: 

(a) immobilizing a first primer on at least one first surface 
of a solid phase; 

(b) administering a solution of nucleic acids comprising 
complementary fragments to the first primer; 

(c) binding of complementary fragments to the first 
primer; 

(d) extending the first primer at its 3' end, corresponding 
to the complementary fragment by means of a poly- 
merase; 

(c) releasing the complementary fragments; 
(0 attaching a second primer to the 3 ! end of the extended 
nucleic acid; 
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(g) extending the second primer at its 3' end by means of 
a polymerase; 

(h) transferring the second primer to another surface and 
immobilization of the extended primer; 

(i) attaching another first primer to the 3* end of the second 
extended primer for further extending of the first 
primer; 

(j) extending this first primer to its 3' end, corresponding 
to the complementary fragment, by means of a poly- 
merase; 

(k) transferring of the extended primer to the first or 
another surface and immobilization of the extended 
primer thereon; 

(1) attaching of another second primer and (m) sorting 
adjacent fragments produced by the above steps to the 
3' end of the extended first primer. 
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3—5 Sequence 


AAAATAGCCTCTAAGCCCAACTC 


GTCAATCAACTTCTGTACTGGGC 


TCACATTGTAAGAAGAAACCA 


TCACATTGTAAGAAGAAACCC 


TCACATTGTAAGAAGAAACCG 


TCACATTGTAAGAAGAAACCT 


GAGACACCACCCACCCA 


GAGACACCACCCACCCC 


GAGACACCACCCACCCG 


GAGACACCACCCACCCT 


TGATCACATTGTAAGAAGAAACA 


TGATCACATTGTAAGAAGAAACC 


TGATCACATTGTAAGAAGAAACG 


TGATCACATTGTAAGAAGAAACT 


GGAGACACCACCCACCA 


GGAGACACCACCCACCC 


GGAGACACCACCCACCG 
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METHOD AND APPARATUS FOR sizes, thus indicating the positions at which dideoxy incor- 

PERFORMING LARGE NUMBERS OF poraiion occurs and in rum the corresponding normal nucle- 

REACTIONS USING ARRAY ASSEMBLY otide. Although the efficiency of the traditional sequencing 

WITH RELEASABLE PRIMERS methods has been improved by automation, the use of gel 

5 electrophoresis in both methods presents a limitation on the 

This application claims priority to U.S. Provisional rate of sequencing. 

Application Ser. No. 60/158,315, filed Oct. 8, 1999 While the traditional chemical cleavage and chain termi- 

( Attorney Docket No. 05871. 00 10.00US00) and is a con- nation sequencing methods are capable of identifying the 

tinuation U.S. Non- Provisional Application Ser. No. 09/684, sequence of all nucleotides in a target nucleic acid, it is quite 

736, filed Oct. 6, 2000 . 10 sufficient in many cases to know the sequence identity of a 

single nucleotide (or a few nucleotides) at a predetermined 

FIELD OF THE INVENTION s - le> j e ^ tne detection of known sequence variations. During 

The present invention relates to a method and apparatus the P ast decade, the development of array-based hybridiza- 

for performing a large number of reactions using array tion technology has received great attention. This high 

assembly. In particular, the present invention features a 15 throughput method, in which hundreds to thousands of 

method and apparatus for performing a large number of polynucleotide probes immobilized on a solid surface are 

chemical and biological reactions by bringing two arrays hybridized to target nucleic acids to gain sequence and 

into close apposition and allowing reactants on the surfaces function information, has brought economical incentives to 

of two arrays to come into contact. The present invention is man y applications. See, e.g., McKenzie, S., et al., European 

exemplified by performing a large number of polynucleotide 20 Journal of Human Genetics 416-429 (1998); Green et al., 

amplification reactions using array assembly. In addition, the Curr Opin. in Chew. Biol. 2:404-410 (1998), Gerhold ct al., 

present invention features a method and apparatus for cou- TUBS, 24:168-173 (1999), Young, Ceil 102:9-15 (2000), and 

pling the amplification of polynucleotides and the detection U.S. Pat. Nos. 5,700,637, 6,054,270, 5,837,832, 5,744,305, 

of sequence variations, expression levels, and functions n am * 5,445,943. 

thereof. 25 DNA array-based sequencing technology generally falls 

into two categories. The first category is sequencing by 

BACKGROUND OF THE INVENTION polynucleotide hybridization. Sets of polynucleotide probes, 

Intense efforts are under way to map and sequence the lhal differ b y havin S A > T ' C > or G substituted at or near the 

human genome and the genomes of manv other species. In , 0 CQnlr ^ position, are immobilized on a solid support by in 

June 2000, the Human Genome Project and Celera Genom- * situ synthesis or by deposition of pre -synthesized polynucle- 

ics announced that a rough draft of the human genome had otlde P^bes. Labeled target nucleic acids containing the 

been completed. This information, however, represents only sequences of interest will hybridize best to perfectly 

a reference sequence of the 3-bil lion-base human genome. matched polynucleotide probes, whereas sequence vana- 

The remaining task lies in the determination of sequence 35 tions will alter the hybridization pattern, thereby allowing 

variations (e.g., mutations, polymorphisms, haplotypes) and * ,he determination of mutations and polymorphic sites 

sequence functions, which are important for the study, (Wang, D., et al., Science 280:1077-1082 (1998), Lipshutz, 

diagnosis, and treatment of human genetic diseases. R > ct aL > Nature Genetics Supplement 21:20-24 (1999), and 

In addition to the human genome, the mouse genome is Drmanac ct al > Nature Biaechnohgy 16:5-58 (1998)). 
being sequenced. Genbank provides about 1.2% of the 40 Alternatively, the de novo sequencing of target nucleic 
3-billion-base mouse genome and a rough draft of the mouse acids b Y polynucleotide hybridization may also be accom- 
genome is expected to be available by 2003 and a finished Pushed. For example, an array of all possible 8-mer poly- 
genome bv 2005. The Drosophila Genome Project has also nucleotide probes may be hybridized with fluorescently 
been completed recently. Thus far, genomes of more than 30 labele d target nucleic acids, generating large amounts of 
organisms have been sequenced. 45 overlapping hybridization data. The reassembling of this 

Traditional nucleic acid sequencing methods include the " data b * counter algorithm can determine the sequence of 

chemical cleavage method (or the Maxam-Gilbert method) tar S ct DUC eic ™f^ ( *f- D " C > \ °\ a /"'^ 

and the chain termination method (or the Sanger method ^Tt^^^^u ^T™*™™ fZ" 

2~ / Ed., Cold Spring Harbor Laboratorv Press, Cold Spring 50 ^ 5 > 667 ' 972 ' «95,940 f 5,972,619, 6,018,041, 

Harbor, N.Y., 1989). The basic strategy for the chemical and 6 > 025 ' 136 

cleavage method is to specifically cleave the end-labeled ^ second category is sequencing by primer extension 
DNA at only one type of nucleotide, which produces a set of reactions (also known as minisequencing). Typically, a DNA 
labeled fragments. These labeled fragments are then sepa- polymerase is used specifically to extend an interrogation 
rated according to their size by electrophoresis. The DNA 55 P rimer » which anneaU lo the nucleic acids immediately 3* of 
sequence can be directly read off an autoradiogram. The the sin S le t> a se substitution of interest, with a single labeled 
chain termination method utilizes a DNA polymerase to nucleoside triphosphate complementary to the single base 
make complementary copies of the single -stranded DNA substitution (Syvanen, Human Mutation 13:1-10 (1999), 
being sequenced in the presence of a suitable primer and Syvanen el al., Genomics 8:684-692 (1990), Sokolov, 
four deoxynucleoside triphosphates (dNTPs), of which at 60 Nucleic Acids Res. 18:3671 (1990), and Kuppuswami et al, 
least one Ls labeled. In addition, a small amount of the 2\ Proc. Natl. Acad. Sci. USA 88:1143-1147 (1991)). 
3'-dideoxynucIeoside triphosphate of one of the bases is While methods of hybridization and primer extension- 
added to the sequencing reaction, which generates a series of based nucleic acid sequencing have gained widespread 
truncated chains. Each truncated chain is terminated by the acceptance in commercial areas, there are many limitations 
dideoxy analog at positions occupied by the corresponding 65 to the existing methods. The current methods for determin- 
base, because of the absence of a 3'-OH group. Electro- ing polynucleotide variations in a target nucleic acid employ 
phoresis separates these truncated chains according to their discrete amplification steps and sequencing steps 
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(Undegrcn et al., Genome Res. 8:769-776 (1998)). Thus, than about 2, 1, 0.5, 0.2, or 0.1 mm 2 . Typically, the total 

additional amount of time and labor is required to separate number of derivatized sites on an array is between about 

amplification products from the amplification primers and 20-1,000,000, preferably, between about 20-500,000, 

dNTPs before the sequencing reaction. Further, it is esti- 20-100,000, 20-50,000, 20-10,000, 20-5,000, 20-1 ,000, or 

mated that at least about 3,000,000 single nucleotide poly- 5 20-500. In some embodiments, an array may contain raised 

morphisms (SNPs) exist in an individual's genome. As or depressed regions, e.g., features such as wells, raised 

SNPs are dispersed throughout the genome, it is necessary re S">ns, etched trenches, etc. The dimensions of these lea- 

to amplify a large number of discrete regions in the genome tures . are flexible > depending on factors, such as desirable 

so that each SNP can be analyzed. Accordingly, the genetic reactl °" concentration, avoidance of air bubbles upon 

analysisofasinglemdividual'sSNPsc^nrequie more than 10 assembly mechanical ^^^^^^^^ 

•5 riAn/wi iTc • u • i . i example, the area of a well on an array is in general larger 

3,000,000 amplification reactions be carried ou and the man ^ derivatized ske on another / ^ depth of a 

product ot each amplification reaction be analyzed. In wd] ^ less lhan about l000 microns, preferably less 

addition, genetic analysis of a disease may require extensive tnan about 500> 200 or , 00 microns . i n preferred 

genotyping of hundreds of thousands of individuals. embodiments, surface tension arrays may lie used. Certain 

Therefore, the number of separate amplification and is reactants such as biopolvmers (polynucleotides, 

sequencing reactions can be in the millions. The cost in polypeptides, etc.) are synthesized in situ to provide belter 

terms of time, labor, equipment, laboratory space and yield and great flexibility. 

reagents for carrying out discrete amplification and sequenc- The array assembly method provides an environment for 

ing reactions on a large-scale is prohibitively high. Finally, simultaneously carrying out between about 10-500,000 

the designing, optimizing and manufacturing of probe- 20 reactions, preferably, above about 20, 50, 100, 200, 500, 

immobilized arrays can be costly as well. For example, 1,000, 5,000, 10,000, 50,000, or 100,000 reactions. A myriad 

photolithographic synthesis of an array with N-mer poly- of chemical and biological reactions may be carried out 

nucleotides typically requires 4xN different chrome photo- using the instant method and apparatus. These reactions may 

lithographic masks (i.e., 100 different chrome masks for a involve cells, viruses, nucleic acids, proteins, carbohydrates, 

25-mer synthesis) (Singh-Gasson et al., Nature Bioiechnoi 25 lipids, and small molecules, among others. In particular, a 

17:974-978 (1999)). This leads to high cost and long large number of polynucleotide amplification reactions or 

synthesis time. In addition, changing probe length and base molecular binding reactions may be performed using array 

composition in photolithographic DNA synthesis means assembly. In some embodiments of the instant invention, 

changing masks, which again leads to high redesigning cost one or more reactants may be immobilized on an array prior 

and long turnaround time for custom arrays. There is a need 30 t0 arra y assembly. The immobilization may be covalent or 

in micro array field to develop rapid and inexpeasive meth- non-covalent. For example, one or more reactants may be 

ods for large-scale sequence variation and function analysis. telhered 10 an immobilized moiety on the array. In certain 

-n,„ • • f „. „ . • r embodiments of the instant invention, one or more reactants 

Ine present invention features novel applications of the . , ... . . . , , r 

f . , . . . , rr , r may be immobilized on an array via a releasable site, for 

array technology, m which large numbers of non- J , , . . • • -'l 

. ' . , . ... , . b , - . , example by tethering to an immobilized molecule with a 

ununolecular reactions are initiated and performed by array 35 . 1 , . J . F .... . ■ t . , . 

..rp.. i « « , . r i releasable site. The immobilized reactants may be released 

assembly. This method is capable of generating large c . 4 . . . J d . . 

. j • . from an arrav upon reacting with cleaving reagents pnor to, 

amounts of data or products per unit tune by carrying out . . * * fa ™ f *u j 

, . c " hi it .u .u durme or after the arrav assembly. The release methods mav 

large numbers of reactions in parallel. Furthermore, the . , f . J . J 

° 4 . ... i ■ i ii li „• mclude a vanetv of enzymatic, or non-enzymatic means, 

present invention is amendable to mil automation. , , * , / , ' - . J , . _ . 

40 such as chemical, thermal, or photolytic treatment. In certain 

SUMMARY OF THE INVENTION embodiments, detection of sequence variations or quantita- 

The present invention relates to a method and apparatus t">° of polynucleotides may be coupled to the amplification 

for performing a large number of reactions using array reactions. 

assembly. In particular, the present invention features a In one embodiment, the instant invention provides a 

method and apparatus for performing a large number of 45 system for performing a plurality of reactions comprising: a 

chemical and biological reactions by bringing two arrays first solid support having a first reaclant of each reaction 

into close apposition and allowing reactants on the surfaces confined to an area on the surface of said first solid support; 

of two arrays to come into contact. The present invention is and a second solid support having a second reactant of each 

exemplified by performing a large number of polynucleotide reaction confined to an area on the surface of said second 

amplification reactions using array assembly. In addition, the 50 s^id support; wherein said first and second solid supports 

present invention features a method and apparatus for cou- are assembled to allow said first reactant of each reaction in 

pling the amplification of polynucleotides and the detection contact with said second reactant of each reaction, thus 

of sequence variations, expression levels, and functions providing an environment for performing said plurality of 

thereof. reactions in parallel. 

Any suitable solid supports (also known as arrays, chips, 55 The instant invention also provides a system for perform- 
ed.) may be used in the present invention. These materials ing a plurality of reactions comprising: a first solid support 
include glass, silicon, quartz, nylon, polystyrene, having a reactant of each reaction immobilized on said first 
polyethylene, polypropylene, polytetrafluorethylene, metal, solid support; and a second solid support providing a chemi- 
among others. These materials typically have a rigid or cal or mechanical separation of said plurality of reactions; 
semi-rigid surface. In some embodiments, at least one 60 wherein said first and second solid supports are assembled to 
surface of the material is substantially flat. Typically, at least provide an environment for performing said plurality of 
one solid support in the assembly is derivatized to provide reactions in parallel. 

covalent or noncovalent attachment to chemical or biologi- The instant invention also provides a solid support for 

cal entities. Typically, the density of derivatized sites on an performing a plurality of polynucleotide amplification reac- 

array is between about 10-10,000 per cm 2 , preferably below 65 tions wherein a releasable primer for each amplification 

about 5,000, 1,000, 400, 200, 100, or 60 per cm 2 . The area reaction is immobilized on an area of the surface of said 

of each site may be about IxlO" 3 to 5 mm 2 , preferably less solid support. 
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The instant invention also provides a system for ampli- 
fying a plurality of target nucleic acids, comprising: 

(a) a first solid support wherein 

(1) the surface of said first solid support comprises a 
plurality of derivatized areas; 

(2) a primer for each target nucleic acid or a sequence 
complementary to said primer is immobilized on a 
derivatized area of the first solid support; and 

(b) a second solid support wherein said second solid 
support comprises a plurality of wells and each well 
corresponds to a primer for each target nucleic acid. 

The instant invention also provides a system for ampli- 
fying a plurality of target nucleic acids, comprising: 

(a) a first solid support wherein 

(1) the surface of said first solid support comprises a 
plurality of derivatized areas; 

(2) a forward primer for each target nucleic acid or a 
sequence complementary to said forward primer is 
immobilized on a derivatized area of the first solid 
support 

(3) a reverse primer for each region of said target 
nucleic acid or a sequence complementary to said 
reverse primer is immobilized on another derivatized 
area of the first solid support; 

(b) a second solid support wherein said second solid 
support comprises a plurality of wells and each well 
corresponds to the forward and reverse primers for each 
target nucleic acid. 

The instant invention also provides a system for ampli- 
fying a plurality of target nucleic acids and detecting ampli- 
fied products, comprising: 

(a) a first solid support wherein 

(1) the surface of said first solid support comprises a 
plurality of derivatized areas; 

(2) a primer for each target nucleic acid or a sequence 
complementary' to said primer is immobilized on a 
derivatized area of the first solid support; 

(4) a probe comprising a subsequence, the same as or 
complementary to a subsequence of each target 
nucleic acid, is immobilized on another derivatized 
area of the first solid support; 

(b) a second solid support wherein the surface of said 
second solid support comprises a plurality of reaction 
wells and each well corresponds the primer and the 
probe for each target nucleic acid. 

In another embodiment, the instant invention provides a 
method for performing a plurality of reactions, comprising 
the steps of: 

(a) obtaining a first solid support wherein a first reactant 
of each reaction is confined to an area on the surface of 
said first solid support; 

(b) obtaining a second solid support wherein a second 
reactant of each reaction is confined to an area on the 
surface of said second solid support; and 

(c) assembling said first and second solid support, 
wherein said first reactant on said first solid support is 
in contact with said second reactant on said second 
solid support, providing an environment for performing 
said plurality of reactions in parallel. 

The instant invention also provides a method for perform- 
ing a plurality of polynucleotide amplification reactions, 
comprising the steps of: 

(a) obtaining a first solid support wherein a plurality of 
immobilized moieties are confined to a plurality of 
areas on the surface of said first solid support and each 
said immobilized moiety contains a releasable site and 
a primer; 



20 



45 



50 



65 



(b) obtaining a second solid support wherein the surface 
of said second solid support contains a plurality of 
areas and reactants of said polynucleotide amplification 
reactions are confined on each area of said second solid 
support; 

(c) assembling said first and second solid supports, 
wherein said reactants of said polynucleotide amplifi- 
cation reactions on said second solid support arc in 
contact with said immobilized moieties on said first 
solid support; and 

(d) releasing said primers. 

The instant invention also provides a method for perform- 
ing a plurality of polynucleotide amplification reactions and 
capturing amplification products, comprising the steps of: 

(a) obtaining a first solid support wherein a plurality of 
immobilized moieties are confined to a plurality of 
areas on the surface of said first solid support and each 
said immobilized moiety contains a releasable site and 
a primer; 

(b) obtaining a second solid support wherein the surface 
of said second solid support contains a plurality of 
areas and reactants of said polynucleotide amplification 
reactions are confined on each area of said second solid 
support; 

(c) assembling said first and second solid supports, 
wherein said reactants of said polynucleotide aampli- 
fication reactions on said second solid support are in 
contact with said immobilized moieties on said first 
solid support; 

(d) releasing said primers; 

(e) generating amplification products of said polynucle- 
otide amplification reactions; and 

(f) capturing said amplified products by a plurality of 
immobilized polynucleotide probes on either said first 
or second solid support through hybridization. 

The instant invention also provides a method for detecting 
a plurality of polynucleotide sequence variations, compris- 
ing the steps of: 

(a) obtaining a first solid support wherein a plurality of 
immobilized moieties are confined to a plurality of 
areas on the surface of said first solid support and each 
said immobilized moiety contains a releasable site and 
a primer; 

(b) obtaining a second solid support wherein the surface 
of said second solid support contains a plurality of 
areas and reactants of said polynucleotide amplification 
reactions are confined on each area of said second solid 
support; 

(c) assembling said first and second solid support, 
wherein said reactants of said polynucleotide amplifi- 
cation reactions on said second solid support are in 
contact with said immobilized moieties on said first 
solid support; 

(d) releasing said primers; 

(e) generating amplification products of said polynucle- 
otide amplification reactions; 

(f) capturing said amplified products by a plurality of 
immobilized polynucleotide probes on cither said first 
or second array through hybridization; and 

(g) detecting polynucleotide sequence variations by 
hybridization complexes in step (f). 

The instant invention also provides a method for quanti- 
tating polynucleotides in a target nucleic acid, comprising 
the steps of: 
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(a) obtaining a first solid support wherein a plurality of 
immobilized moieties are confined to a plurality of 
finite areas on the surface of said first solid support and 
each said immobilized moiety contains a releasable site 
and a primer; 5 

(b) obtaining a second solid support wherein the surface 
of said second solid support contains a plurality of 
areas and react ants of said polynucleotide amplification 
reactions are confined on each area of said second solid 
support; 10 

(c) assembling said first and second solid support, 
wherein said rcactants of said polynucleotide amplifi- 
cation reactions on said second solid support are in 
contact with said immobilized moieties on said first 
solid support; 15 

(d) releasing said primers; 

(e) generating amplification products of said polynucle- 
otide amplification reactions; and 

(f) quantitating amplified products. 

The instant invention also provides a method for detecting 20 
polynucleotide sequence variations in a target nucleic acid, 
comprising the steps of: 

(a) obtaining a first solid support wherein a plurality of 
immobilized moieties are confined to a plurality of 
areas on the surface of said first solid support and each 25 
said immobilized moiety contains a releasable site and 

a primer; 

(b) obtaining a second solid support wherein the surface 
of said second solid support contaias a plurality of 
areas and reactants of said polynucleotide amplification 30 
reactions are confined on each areas of said second 
solid support; 

(c) assembling said first and second solid supports, 
wherein said reactants of said polynucleotide amplifi- 
cation reactions on said second solid support are in 
contact with said immobilized moieties on said first 
solid support; 

(d) releasing said primers; 

(e) generating amplification products of said polynucle- 40 
otide amplification reactions; and 

(f) capturing said amplified products by a plurality of 
immobilized polynucleotide probes on either first or 
second array through hybridization; and 

(g) detecting polynucleotide sequence variations by a 45 
polynucleotide modifying enzyme. 

The instant invention also provides a method for ampli- 
fying a target nucleic acid, capturing the amplified product, 
and detecting a polynucleotide sequence variation in the 
amplified product, comprising the steps of: 50 

(a) obtaining a first solid support wherein: 

(1) the surface of said first solid support comprises a 
first, second, third, and fourth areas; 

(2) a first chemical moiety, comprising a releasable 
forward primer for said target nucleic acid, is immo- 55 
bilized on said first area; 

(3) a second chemical moiety, comprising a releasable 
reverse primer for said target nucleic acid, is immo- 
bilized on said second area; 

(4) a first polynucleotide probe, comprising a subse- 60 
quence complementary to one variant of said poly- 
nucleotide variation, is immobilized on said third 
area, said subsequence containing at least one inter- 
rogation position complementary to a corresponding 
nucleotide in said variant; and 65 

(5) a second polynucleotide probe is immobilized to 
said fourth area, said second polynucleotide probe 
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differing from said first polynucleotide probe by at 
least one nucleotide; 

(b) obtaining a second solid support wherein the surface 
of said solid support comprises a reaction well and a 
mixture of reactants comprising a DNA polymerase, 
said target nucleic acid, and deoxynucleotides are 
placed within said reaction well; 

(c) assembling said first and second solid support, 
wherein said mixture of reactants are in contact with 
said first, second, third, and fourth areas on said first 
solid support; 

(d) releasing said releasable forward and reverse primers; 

(e) generating the amplified product for said target nucleic 
acid; 

(f) capturing the amplified product by said first or second 
polynucleotide probe through hybridization; 

(g) disassembling said first and second solid supports; 

(h) washing said first solid support; 

(i) comparing the relative binding of two probes on said 
first solid support; and 

(j ) identifying said polynucleotide variation in the ampli- 
fied product. 

The instant invention also provides a method for ampli- 
fying a target nucleic acid, capturing the amplified product, 
and detecting a polynucleotide sequence variation in the 
amplified product, comprising the steps of: 

(a) obtaining a first solid support wherein: 

(1) the surface of said first array comprises a first, 
second, third, and fourth areas; 

(2) a first chemical moiety, comprising a releasable 
forward primer specific for said region of said target 
nucleic acid, is immobilized on said first area; 

(3) a second chemical moiety, comprising a releasable 
reverse primer specific for said region of said target 
nucleic acid, is immobilized on said second area; 

(4) a first polynucleotide probe, comprising a subse- 
quence complementary to one variant of said poly- 
nucleotide variation, is immobilized on said third 
area, said subsequence containing at least one inter- 
rogation position complementary to a corresponding 
nucleotide in said variant; and 

(5) a second polynucleotide probe is immobilized to 
said fourth area, said second probe differing from 
said first probe by at least one nucleotide; 

(b) obtaining a second solid support wherein the surface 
of said solid support comprises a reaction well and a 
mixture of reactants comprising a DNA polymerase, 
said target nucleic acid, and deoxynucleotides are 
placed within said reaction well; 

(c) assembling said first and second solid support, 
wherein said mixture of reactants are in contact with 
said first, second, third, and fourth areas on said first 
solid support; 

(d) releasing said releasable forward and reverse, primers; 

(e) generating the amplified product for said target nucleic 
acid; 

(f) capturing the amplified product by said first or second 
polynucleotide probes through hybridization; 

(g) extending said one or more hybridization complexes 
in step (f); 

(h) disassembling said first and second solid support; 

(i) washing said first solid support; and 

(j) identifying said polynucleotide variation using said 
one or more extended products in step (g). 
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BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates the merging of large numbers of micro- 
droplets by bringing two arrays into close apposition. 

FIG. 2 illustrates array assembly using a first array and a 
second array (microfabricated with wells) wherein each well 
of the second array faces a unit cell comprised of two or 
more reactant-containing areas of the first array. 

FIG. 3 illustrates two arrays each containing reactants of 
polynucleotide amplification reactions. Large numbers of 
polynucleotide amplification reactions may be initiated by 
bringing two arrays into close apposition and merging all 
reactants on two arrays. In this illustration, a cteavable 
primer pair with different sequences (e.g., a forward primer 
and a reverse primer) are immobilized on two areas of the 
first array. Upon array assembly, the forward and reverse 
amplification primers are released to merge with the remain- 
ing amplification reactants in a reaction well on the second 
array. Each reaction well represents a different amplification 
using either different primer pairs or different target nucleic 
acid sequence. 

FIGS. 4A-4C illustrate a method of amplifying a target 
nucleic acid, capturing the amplified products and sequenc- 
ing by hybridization with captured amplified products. 

FIGS. 5A-5D illustrate a method of amplifying a target 
nucleic acid, capturing the amplified products, and sequenc- 
ing by primer extension reactions using captured amplified 
products. 

FIGS. 6A-6D illustrates a method of amplifying a target 
nucleic acid, capturing the amplified products, and sequenc- 
ing by primer extension, in the absence of chain terminating 
nucleotides, using captured amplified products. 

FIG. 7 illustrates a chemical synthesis of photocleavablc 
DMT-protecled o-nitrobenzyl amidite. 

FIG. 8 illustrates capillary electrophoresis analysis of 
polynucleotides synthesized off of a photocleavable linker. 

FIG. 9 illustrates capillary electrophoresis analysis of 
polynucleotides synthesized off of a photocleavable linker 
co-migrated with polynucleotides of the same sequence 
from a commercial source. 

FIG. 10 illustrates photolysis of in situ synthesized pho- 
tocleavable polynucleotides. 

FIG. 11 illustrates photolytic release of polynucleotides 
from the surface and subsequent hybridization of the 
released polynucleotides. 

FIG. 12 illustrates several designs of an array micrfabri- 
cated with wells. 

FIG. 13 illustrates a layout of two unit cells on a deriva- 
tized array used for detection by hybridization. 

FIG. 14 illustrates a result of primer release from a 
hybridization complex. 

FIG. 15 illustrates an example of array assembly. 

FIG. 16 illustrates the result of coupling polynucleotide 
amplification reactions with detections by hybridization 
using array assembly. 

FIG. 17 illustrates a comparison between primer releases 
from hybridization complexes vs. primers in solution. 

FIG. 18 illustrate a layout of two unit cells on a deriva- 
tized array for detection by a DNA modifying enzyme. 

FIG. 19 illustrates the result of coupling polynucleotide 
amplification reactions with detections by allele specific 
extension using array assembly. 

FIG. 20 illustrate end-point quantitation of PCR product 
using array assembly. 
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FIG. 21 illustrates polynucleotide quantitation using a 
fluorescent label. 

DETAILED DESCRIPTION OF THE 
INVENTION 

5 

Before the invention is described in detail, it is to be 
understood that this invention is not limited to the particular 
component parts or process steps of the method and appa- 
ratus described, as such parts and steps may vary. It is also 

20 to be understood that the terminology used herein is for 
purposes of describing particular embodiments only, and is 
not intended to be limiting. As used in the specification and 
the appended claims, the singular forms "a", "an", and "the" 
include plural references unless the context clearly indicates 

15 otherwise. 

The present invention relates to a method and apparatus 
for performing a large number of reactions using array 
assembly. In particular, the present invention features a 
method and apparatus for performing a large number of 

20 chemical and biological reactions by bringing two arrays 
into close apposition and allowing reactants on the surfaces 
of two arrays to come into contact. In addition, selected 
reactants may be first immobilized on an array and subse- 
quently released before, during or after the assembly with 

25 another array. 

The present invention is exemplified by performing a 
large number of polynucleotide amplification reactions 
using array assembly. In particular, the present invention 
features a method and apparatus for coupling the amplifi- 

30 cation of polynucleotides and the detection of sequence 
variations, expression levels, and functions thereof. 
I. Performing Large Numbers of Non-unimolecular Reac- 
tions by Array Assembly 

One of skill in the art will appreciate that reactions 

35 compatible with the present method and apparatus are very 
broad, encompassing all non-unimolecular reactions, i.e., 
reactions involving two or more reactants. A myriad of 
chemical and biological reactions may be carried out using 
the instant method and apparatus. These reactions may 

40 involve cells, viruses, nucleic acids, proteins, carbohydrates, 
lipids, and small molecules, among others. All reactants in 
a non-unimolecular reaction may be separated into two 
groups. Each group of reactants comprises one or more 
reactants, but not all reactants. Therefore, each group alone 

45 is not capable of initiating the reaction. Only when one 
group of .reactants is combined with the second group of 
reactants can the reaction be initiated. One group of reac- 
tants may be confined to finite areas on an array, while the 
other group of reactants may also confined to finite areas on 

50 another array. The combination of two groups of reactants is 
achieved by bringing two arrays into close apposition and 
allowing the merge of reactants on two arrays (FIG. 1). 

While it is convenient that reactants of a reaction is 
divided into two groups and the reaction is triggered by 

55 assembling two reactant-containing arrays, many variations 
of this method are entirely within the contemplation of the 
instant invention. For example, reactants may be divided 
into more than two groups. In a reaction that requires N 
reactants, up to N groups of reactants may be obtained with 

60 each group containing one or more reactants, but not all N 
reactants. The N groups of reactants may be confined on M 
arrays (2^M^N). The reaction may be initiated by succes- 
sively assembling one of the N groups of reactants on one 
array with another one of the N groups of reactants on 

65 another array until all N reactants are combined. The order 
of assembling arrays may be decided by factors, such as 
reactant stability, reaction yields, and convenience among 
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others. It should be noted that arrays containing no reactants cation reaction may be separated into at least two groups, 

may also be assembled with those containing reactants. For Each group of reactants comprises one or more reactants, but 

example, a washing step may be achieved by assembling not all reactants. Therefore, each group alone is not capable 

with an array containing only the washing solution and no of initialing a polynucleotide amplification reaction. Only 

reactant. 5 when one group of reactants is combined with the second 

Any suitable solid supports (also known as arrays, chips, group of reactants can the reaction be initiated. In preferred 

etc.) may be used in the present invention. These materials embodiments of the instant invention, one group of reactants 

include glass, silicon, quartz, nylon, polystyrene, may be located on one or more areas on an array, while the 

polyethylene, polypropylene, polytetrafluorethylene, metal, other group of reactants may be located on one or more areas 

among others. These materials typically have a rigid or 10 on another array. The combination of two groups of reac- 

semi-rigid surface. In some embodiments, at least one tants is achieved by bringing two arrays into close apposi- 

surface of the material is substantially flat. Typically, at least tion and allowing the contact of reactants on two arrays. For 

one solid support in the assembly Is derivatized to provide example, a typical PGR amplification reaction involves 

covalenl or noncovalent attachment to chemical or biologi- several reactants, including a target nucleic acid, deoxy- 

cal entities. Typically, the density of derivatized sites on an 15 nucleotide triphosphates, two primers, a DNA polymerase, 

array is between about 10-10,000 per cm 2 , preferably below and a buffer. One group of PCR reactants may comprise two 

about 5,000, 1,000, 400, 200, 100, or 60 per cm 2. The area primers. The second group of reactants may comprise the 

of each site may be about 1x10" 3 to 5 mm 2 , preferably less remaining reactants, including a target nucleic acid, deoxy- 

than about 2, 1, 0.5, 0.2, or 0.1 mm 2 . Typically, the total nucleotide triphosphates, a DNA polymerase, and a buffer, 

number of derivatized sites on an array is between about 20 Neither the first nor the second group of reactants alone can 

20-1,000,000, preferably, between about 20-500,000, start the PCR amplification reaction, because the requisite 

20-100,000,20-50,000,20-10,0^ reactants are missing in each group. Only when the first 

20-500. In some embodiments, an array may contain raised group is combined with the second group, i.e. when all 

or depressed regions, e.g., features such as wells, raised requisite reactants are present, can the PCR reaction be 

regions, etched trenches, etc. The dimensions of these fea- 25 initiated and performed (FIG. 3). Of course, reactants may 

tures are flexible, depending on factors, such as desirable be grouped together in many different ways. For example, 

reaction concentration, avoidance of air bubbles upon only one primer may be included in the first group and the 

assembly, mechanical convenience and feasibility, etc. For second group of reactants may comprise the remaining 

example, the area of a well on an array is in general larger reactants, including a target nucleic acid, deoxynucleotide 

than one derivatized site on another array. The depth of a 30 triphosphates, the other primer, a DNA polymerase, and a 

well may be less than about 1000 microns, preferably less buffer. It is also possible that selected reactants may be 

than about 500, 200 or 100 microns. present in both groups of reactants. For instance, a buffer 

There are many methods to separate reactants of one may be included in both the first group of reactants and the 

reaction from those of another and to prevent reactants of second group of reactants. 

one reaction from entering another reaction before, during, 35 The large numbers of polynucleotide amplification reac- 

or after assembly. These methods may include mechanical tions performed between two arrays may use similar or 

methods, chemical methods, or combinations thereof. For different target nucleic acid sequences. In some 

example, large numbers of reaction wells may be microfab- embodiments, the same target nucleic acid may be present in 

ricated on the surface of a solid support with each well each reaction. But different primer sequences specific for 

providing a reaction site (FIG. 2). In some embodiments, the 40 different regions of the target sequence are immobilized on 

raised regions of reaction wells may be hydrophobic, thus one array. Therefore, each polynucleotide amplification 

keeping aqueous solution in one reaction well from entering reaction represents the amplification of a different region of 

another reaction well upon array assembly. A liquid (such as the target sequence. In other embodiments, different target 

mineral oil, Fomblin®, etc.) may also be employed to nucleic acid sequence may be present in each reaction. But 

separate reactants of one reaction from those of another. In 45 similar set of primers specific for the same region of the 

some embodiments, a liquid polymer (such as Self-Seal®, target sequence are immobilized on the first array. Each 

nail polish, rubber cement, etc.) may be employed as a seal polynucleotide amplification reaction thus represents ampli- 

between two arrays or between individual reactions to ficationof the same region of target sequences from different 

prevent excess solvent evaporation. Selected areas of a solid sources. Of course, a combination of both embodiments is 

support surface may also be chemically or photolytically 50 applicable using the instant invention, 

treated before, during or after assembly to provide separa- The array assembly method provides an environment for 

tion of reactions. For example, selected areas may be simultaneously carrying out between about 10-500,000 

converted from hydrophobic sites to hydrophilic sites upon reactions, preferably, above about 20, 50, 100, 200, 500, 

chemical treatment or photolysis, thus providing separation 1,000, 5,000, 10,000, 50,000, or 100,000 reactions. The 

of aqueous solution of one reaction from another via a 55 advantages of the present method and apparatus are many 

hydrophobic matrix. In addition, reaction volumes are typi- folds. First, multiplexing gives simultaneous results of many 

cally small. Microdroplets are not substantially affected by reactions and generates large amounts of information per 

gravity and their local movements are limited. Array assera- unit time. Second, performing large numbers of similar 

bly may also be accomplished in the absence of microdrop- reactions in parallel increases the accuracy of comparative 

lets. For example, the reactant-containing solutions on 60 analysis by eliminating factors such as array-to-array 

arrays may be dried or frozen before or during the array variations, differences in reaction conditions, among others, 

assembly. II. Immobilization of Reactants on Arrays 

In one embodiment of the instant invention, polynucle- In some embodiments of the instant invention, one or 

otide amplification reactions may be performed by bring at more reactants may be immobilized on an array prior to 

least two arrays into close apposition and allowing reactants 65 array assembly. The immobilization may be covalent or 

of polynucleotide amplification reactions on two arrays to non-covalent. For example, one or more reactants may be 

come in contact. All reactants in a polynucleotide amplifi- tethered to an immobilized moiety on the array. In certain 
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embodiments of I he instant invention, one or more reactants may contain large numbers of hydrophilic sites against a 
may be immobilized on an array via a releasable site, for hydrophobic matrix. A hydrophilic site typically includes 
example by tethering to an immobilized molecule with a free amino, hydroxyl, carboxyl, thiol, amido, halo, or sul- 
releasable site. The immobilized reactants may be released fonate group, as well as modified forms thereof, such as 
from an array upon reacting with cleaving reagents prior to, 5 activated or protected forms. A hydrophobic site is typically 
during or after the array assembly. The release methods may inert to conditions of in situ synthesis. For example, a 
include a variety of enzymatic, or non-enzymatic means, hydrophobic site may include alky], fluoro group, as well as 
such as chemical, thermal, or photolytic treatment. modified forms thereof, etc. In surface tension arrays, a 
For example, in performing large numbers of polynucle- hydrophilic site is spatially segregated from neighboring 
otide amplification reactions, at least one primer may be 10 hydrophilic sites because of the hydrophobic sites between 
tethered to an immobilized moiety with a releasable site on hydrophilic sites. This spatially addressable pattern enables 
the surface of a first array. The remaining reactants of a the precise and reliable location of chemical or biological 
polynucleotide amplification reaction may be confined to entities, such as molecules, cells, viruses, etc. The free 
finite areas on the surfaces of a second array, e.g., in reaction amino, hydroxyl, carboxyl, thiol, amido, halo, or sulfonate 
wells designed to house reactants of a polynucleotide ampli- 15 group of the hydrophilic sites may then be covalently 
fication reaction. If two arrays with matched primer- coupled with a linker moiety (e.g., polylysine, HEG, PEG, 
containing regions and reaction wells are brought into close etc.) capable of supporting chemical and biological synthe- 
apposition, reactants on two arrays may merge. The primers sis. The hydrophilic sites may also support non-covalent 
may be released before, during or after the merging of attachment to chemical or biological entities, such as 
reactants, thereby triggering reactions by mixing the rcqui- 20 molecules, cells, viruses, etc. Reagents delivered to the array 
site primers with the remaining reactants in the reaction are constrained by surface tension difference between hydro- 
well. Therefore, in a single physical operation, i.e., assem- phi lie and hydrophobic sites. 

bling two reactant -containing arrays, hundreds of thousands The surface tension array may also be appreciated from a 

of separate reactions are initiated and performed. thermodynamic perspective of wetting. Surface tension 

As an example of primer release, primers may be initially 25 results from an imbalance of molecular forces in a liquid. At 

hybridized to array-immobilized polynucleotides and sub- the surface of a liquid, the liquid molecules are attracted to 

sequently released by strand separation from the array- each other and exert a net force pulling themselves together, 

immobilized polynucleotides upon array assembly. In High values of surface tension means that molecules tend to 

another example of primer release, one or more primers of interact strongly. Lower values mean that molecules do not 

polynucleotide amplification reactions may be covalently 30 interact as strongly. Water has a very high value of surface 

immobilized on an array via a cleavable site and released tension because it has a high degree of hydrogen bonding, 

before, during, or after array assembly. For example, an Organic molecules with polar groups such as hydroxyl, 

array-immobilized moiety may contain a cleavable site and carboxyl or cyano have a slightly lower surface energy than 

a primer sequence. The primer sequence may be released via water. Pure hydrocarbons are even lower, while fluorinated 

selective cleavage of the cleavable sites before, during, or 35 compounds are very low, because the fluorine atom does not 

after assembly. Typically, the immobilized moiety may itself share electrons very well so only dispersion interactions 

be a polynucleotide which contains one or more cleavable (entropy of mixing) occur. 

sites and one or more primer polynucleotides. A cleavable Molecules in a liquid state experience strong intermo- 

site may be introduced in an immobilized moiety during in lecular attractive forces. These cohesive forces between 

situ synthesis. Alternatively, the immobilized moieties con- 40 liquid molecules are responsible tor the phenomenon known 

taining releasable sites may be prepared before they are as surface tension. Molecules at the surface of a liquid 

covalently or noncovalently immobilized on the solid sup- droplet do not have other like molecules, and as a conse- 

port. quence cohere more strongly with adjacent molecules which 

A. Array fabrication are directly associated them. 

Any suitable solid supports (also known as arrays, chips, 45 When the attractive forces are between unlike molecules, 

etc.) may be used in the present invention. These materials they are described as adhesive forces. The adhesive force 

include glass, silicon, quartz, nylon, polystyrene, between a water molecule and the wall of a glass capillary 

polyethylene, polypropylene, polytetrafluorethylene, metal, (i.e., the SiOH group) is stronger than the cohesive force 

among others. These materials typically have a rigid or between two water molecules at the surface. The effect of 

semi-rigid surface. In some embodiments, at least one 50 this imbalance between adhesion and cohesion is that the 

surface of the material is substantially flat. In some meniscus will turn upward and contribute to capillary action, 

embodiments, these materials may contain raised or Conversely, for mercury, the cohesive force between two 

depressed region, e.g., features such as wells, raised regions, mercury atoms is stronger than the adhesive force between 

etched trenches, etc. Typically, at least one solid support in mercury and glass, and the meniscus turns down at the wall, 

the assembly is derivatized to provide covalent or nonco- 55 When a liquid is in contact with a solid surface, the 

valent attachment to chemical or biological entities. contact angle 0 may be used to quantitatively measure the 

Typically, the density of derivatized sites on an array is extent of this interaction, 
between about 10-10,000 per cm 2 , preferably below about 

5,000, 1,000, 400, 200, 100, or 60 per cur. The area of each Y^YsL-Ytv «* 0 

site may be about lxlO" 3 to 5 mm 2 , preferably less than 60 . 

about 2, 1, 0.5, 0.2, or 0.1 mm 2 . Typically, the total number re 

of derivatized sites on an array is between about 20-1,000, Isv « the surface free energy of the solid, 

000, preferably, between about 20-500,000, 20-100,000, is the intcrfacial free energy between the solid and the 

20-50,000, 20-10,000, 20-5,000, 20-1,000, or 20-500. liquid, 

In preferred embodiments of the instant invention, surface 65 y LV is the surface free energy of the liquid, 

tension arrays, which comprise patterned hydrophilic and When a droplet of liquid is in contact with a surface which 

hydrophobic sites, may be employed. A surface tension array is patterned into two regions which have different surface 



US 6,632,641 Bl 



15 



16 



energies, then there is a net attraction of the liquid into the 
region of higher surface energy. The droplet may move, as 
a result of the difference in surface tension between the two 
regions. 

In other words, polar liquids wet polar surfaces in pref- 
erence to nonpolar surfaces. For a patterned array where the 
polar synthesis regioas (hydrophilic sites) are separated by 
nonpolar regions (hydrophobic sites), droplets of liquid are 
confined to a particular synthesis site, and will not migrate 
to an adjacent site because of the surface tension difference 
imposed by the nonpolar mask. 

For surface tension arrays, hydrophilic sites are deri- 
varized sites. Typically, the density of hydrophilic sites on an 
array is between about 10-10,000 per cm 2 , preferably below 
about 5,000, 1,000, 400, 200, 100, or 60 per cm\ The area 
of each hydrophilic site may be about IxlO* 3 to 5 mm 2 , 
preferably less than about 2, 1, 0.5, 0.2, or 0.1 mm 2 . 
Typically, the total number of hydrophilic sites on an array 
is between about 20-1,000,000, preferably, between about 
20-500,000, 20-100,000, 20-50,000, 20-10,000, 20-5,000, 
20-1,000, or 20-500. 

A number of methods for fabricating surface tension 
arrays have been described in U.S. Pat. Nos. 5,985,551 and 
5,474,796. One of such methods involves coating a solid 
surface with a photoresist substance and then using a generic 
photomask to define the array patterns by exposing them to 
light. The exposed surface may then be reacted with a 
suitable reagent to form a stable hydrophobic matrix. For 
example, fluoroalkylsilane or long chain alkylsilane, such as 
octadecyLsilane, may be employed to form a hydrophobic 
matrix. The remaining photoresist substance may then be 
removed and the solid support may react with a suitable 
reagent, such as aminoalkyl silane or hydroxyalkyl silane, to 
form hydrophilic regions. 

The solid support may also be first reacted with a suitable 
derivatizing reagent to form a hydrophobic surface. For 
example, the hydrophobic surface may be derivatized by 
vapor or liquid treatment of fluoroalkylsiloxane or alkylsi- 
lane. The hydrophobic surface may then be coated with a 
photoresist substance, photopatterned and developed. The 
exposed hydrophobic surface may be reacted with suitable 
derivatizing reagents to form hydrophilic sites. For example, 
the exposed hydrophobic surface may be removed by wet or 
dry etch such as oxygen plasma and then derivatized by 
aminoalkylsilane or hydroxylalkylsilane treatment to form 
hydrophilic sites. The photoresist coat may be removed to 
expose the underlying hydrophobic sites. The hydrophilic 
sites may be further functionalized, if necessary, for anchor- 
ing in situ synthesis or for depositing chemical or biological 
entities. 

Alternatively, the solid support may be first reacted with 
a suitable derivatizing reagent to form a hydrophilic surface. 
For example, the hydrophilic surface may be derivatized by 
vapor or liquid treatment of aminoalkylsilane or hydroxy- 
lalkylsilane. The derivatized surface may then be coaled 
with a photoresist substance, photopatterned, and developed. 
The exposed surface may be reacted with suitable deriva- 
tizing reagents to form hydrophobic sites. For example, the 
hydrophobic sites may be formed by fluoroalkylsiloxane or 
alkylsilane treatment. The photoresist coat may be removed 
to expose the underlying hydrophilic sites. The hydrophilic 
sites may be further functionalized, if necessary, for anchor- 
ing in situ synthesis or for depositing chemical or biological 
entities. 

Variations of these procedures may also be used to 
fabricate a solid support surface such that solution of reac- 
tants at a derivatized site Is spatially separated from solution 



of reactants at other derivatized sites by surface tension. 
Separate reactions may be carried out at each derivatized 
site. 

Photoresist substances are readily known to those of skill 
5 in the art. For example, an optical positive photoresist 
substance (e.g., AZ 1350 (Novolac™ type-Hoechst 
Celanese™) (Novolac™ is a proprietary novolak resin, 
which is the reaction product of phenols with formaldehyde 
in an acid condensation medium)) or an E-beam positive 
10 photoresist substance (e.g., EB-9 (polymethacrylate by 
Hoya™)) can be used. 

Suitable hydrophilic and hydrophobic derivatizing 
reagents are also well known in the art. Preferably, fluoro- 
alkylsilane or alkylsilane may be employed to form a 
15 hydrophobic surface and aminoalkyl silane or hydroxyalkyl 
silane may be used to form hydrophilic sites. As an example, 
a number of siloxane derivatizing reagents are listed below: 

1. Hydroxyalkyl siloxanes (Silylate surface, flnctionalize 
with diborane, and H 2 O z to oxidize the alcohol) 

20 a. allyl trichlorochlorosilane-»-*3-hydroxypropyl 

b. 7-oct-l-enyl trichlorochlorosilane-*-*8-hydroxyoctyl 

2. Diol (bis- hydroxyalkyl) siloxanes (silylate surface, and 
hydrolyze to diol) 

„ 5 a. glycidyl lrimethoxysilane-*-*(2,3- 
dihydroxypropyloxy)propyl 

3. Aminoalkyl siloxanes (amines require no intermediate 
functionalizing step) 

a. 3-aminopropyl trimethoxysilane-*3-aminopropyl 

30 4. Dimeric secondary aminoalkyl siloxanes 

a. bis (3-trimethoxysilylpropyl) amine-*bis 

(silyloxylpropyl)amine 
Glass (polytetrasiloxane) is particularly suitable for sur- 
face tension arrays, because of the numerous techniques 

35 developed by the semiconductor industry using thick films 
(1-5 microns) of photoresists to generate masked patterns of 
exposed glass surfaces. After sufficient cleaning, such as by 
treatment with 0~ radical (e.g., using an 0 2 plasma etch, 
ozone plasma treatment, etc.) followed by acid wash, the 

40 glass surface may be derivatized with a suitable reagent to 
form a hydrophilic surface. Suitable reagents may include 
aminoalkyl silane, hydroxyalkyl silane, among others. In 
particular, glass surface may be uniformly aminosilylated 
with an aminosilane, such as aminobutyldimethylmethox- 

45 ysilane (DMABS). The derivatized surface may then be 
coated with a photoresist substance, soft-baked, photopat- 
terned using a generic photomask to define the array patterns 
by exposing them to light, and developed. The underlying 
hydrophilic sites are thus exposed in the mask area and ready 

50 to be derivatized again to form hydrophobic sites, while the 
photoresist covering region protects the underlying hydro- 
philic sites from further derivatization. Suitable reagents, 
such as fluoroalkylsilane or long chain alkylsilane, may be 
employed to form hydrophobic sites. For example, the 

55 exposed hydrophilic sites may be burned out with an 0 2 
plasma etch. The exposed regioas may then be fluorosily- 
lated. Following the hydrophobic derivatization, the remain- 
ing photoresist can be removed, for example by dissolution 
in warm organic solvents such as methyl isobulyl ketone or 

60 N-methyl pyrrolidone (NMP), to expose the hydrophilic 
sites of the glass surface. For example, the remaining 
photoresist may be dissolved off with sonication in acetone 
and then washed off in hot NMP. 
A number of organic polymers also have desirable char- 

65 acterlstics for surface tension arrays. For example, Teflon 
(polytetrailuoroethylene) may be used. Patterned derivati- 
zation of this type of material may be accomplished by 
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reactive ion or plasma etching through a physical mask or 
using an electron beam, followed by reduction to surface 
hydroxymethyl groups. Polypropylene/polyethylene may be 
surface derivatized by gamma irradiation or chromic acid 
oxidation, and converted to hydroxy or aminomethylated 
surfaces. Highly crosslinked polystryene-divinylbenzene 
(ca. 50%) is non-swellable, and may be readily surface 
derivatized by chloromethlylation and subsequently con- 
verted to other functional groups. Nylon provides an initial 
surface of hexylamino groups, which are directly active. The 
hydrophobic patterning of these surfaces may be effected 
using the same type of solution based thin film masking 
techniques and gas phase derivatization as glass, or by direct 
photochemical patterning using o-nitrobenzylcarbonyl 
blocking groups. Perfluoroalkyl carboxylic and sulfonic acid 
derivatives are now used to provide the hydrophobic mask 
of the underlying surface. Subsequent to the patterning of 
these surfaces, suitable linker moieties may be coupled to 
the reactive group such as the hydroxy or amino group. 

In addition to the use of photoresist in generating pat- 
terned hydrophilic and hydrophobic sites, surface tension 
arrays may be fabricated without the use of photoresist. For 
example, a solid support may be first reacted with a reagent 
to form hydrophilic sites. The hydrophilic sites may then be 
reacted in selected areas. The remaining hydrophilic sites 
may then be reacted with a reagent to form hydrophobic 
sites. The protected hydrophilic sites may then be depro- 
tected to anchor in situ synthesis or to deposit chemical or 
biological entities. For example, a glass surface may be first 



(1997), Guschin et z\. y Anal. Biochem. 250:203-211 (1997), 
U.S. Pat. Nos. 5,700,642 and 5,830,655, Czarnik et a!., 
Accounts Chem. Re\\ 29:112-170 (1996), Combinatorial 
Chemistry and Molecular Diversity in Drug Discowry, Ed. 
Kerwin J. F. and Gordon, E. M., John Wiley & Son, New 
York (1997); Kahn et al., Modern Methods in Carbohydrate 
Synthesis, Harwood Academic, Amsterdam (1996), Green et 
al., Curr.Opin. in Chem Biol. 2:404-410 (1998), Gerhotd et 
al., TIBS, 24:168-173 (1999), U.S. Pat. Nos. 6,0901995, 
6,083,763, 6,030,782, 5,700,637, 6,054,270, 5,919,626, 
5,858,653, 5,837,832, 5,744,305, 5,445,934, WO99/58708, 
DeRisi, J., et al., Science 278:680-686 (1997), Lockhart et 
al., Nature 405:827-836 (2000), Roberts et ah, Science 
287:873-880 (2000), Hughes et al., Nature Genetics 
25:333-337 (2000), Hughes et al., Cell 102:109-126 (2000), 
Duggan, et al., Nature Genetics Supplement 21:10-14 
(1999), and Singh-Gasson et al., Nature Biotechnology 
17:974-978 (1999), and all incorporated herein by 
reference). Exemplary chemical moieties for immobilization 
attachment to solid support include carbamate, ester, amide, 
thiolcster, (N)-functionalized thiourea, functionalized 
maleimide, amino, disulfide, amide, hydrazone, streptavidin 
or avidin/biotin, and go Id -sulfide, among others. The immo- 
bilization methods generally fall into one of the two catego- 
ries: spotting of presynthesized reactants and in situ synthe- 
sis of reactants. 

In the first category, preprepared reactants are deposited 
onto known finite areas on an array. For example, traditional 
solid phase polynucleotide synthesis on controlled -pore 
glass (CPG) may also be employed and then simply printing 



reacted with a reagent to generate free hydroxyl or amino 30 presynthesized polynucleotides onto the array using direct 



sites. These hydrophilic sites may be reacted with a pro- 
tected nucleoside coupling reagent or a linker to protect 
selected hydroxyl or amino sites. A protected nucleotide 
coupling reagent includes, for example, a DMT- protected 
nucleoside phosphoram idite, DMT-protected 
H-phosphonate, etc. A linker may be of six or more atoms in 
length. The unprotected hydroxyl or amino sites may then be 
reacted with a reagent, for example, perfiuoroalkanoyl 
halide, to form hydrophobic sites inert to in situ polynucle- 
otide synthesis. The protected hydrophilic sites may be 
deprotected to anchor in situ polynucleotide synthesis. 
Variations of these procedures may also be used to fabricate 
a solid support surface such that solution of chemical or 
biological entities at a derivatized site is spatially separated 
from solutions of chemical or biological entities at other 
derivatized sites. 

In addition to surface tension array, many other examples 
of arrays and fabrication methods are well known to those 
skilled in the art (e.g., Green et al., Curr.Opin in Chem. Biol 
2:404-410 (1998), Gerhold et al., TIBS, 24:168-173 (1999), 
U.S. Pat. Nos. 6,090,995, 6,030782, 5,700,637, 6,054,270, 
5,919,626, 5,858,653, 5,837,832, 5,744,305, 5,445,934, 
WO099/8708 Singh-Gasson et al„ Nature Biotechnology 
17:974-978 (1999), all incorporated herein by reference). 
They include, for example, fiber optic arrays, microelectrode 
arrays, digital micromirror arrays, etc. 

B. Covalent or noncovalent immobilization of reactants 
on arrays 

One of skill in the art will appreciate that there are many 



touch or fine micropipetting. Polynucleotides may be syn- 
thesized on an automated DNA synthesizer, for example, on 
an Applied Biosyslems synthesizer using 
5-dimethoxytritylnucleoside p-cyanoethyl phosphoramid- 
35 ites. Synthesis of relatively long polynucleotide sequences 
may be achieved by PCR-based and/or enzymatic methods 
for economical advantages. Polynucleotides may be purified 
by gel electrophoresis, HPLC, or other suitable methods 
known in the art before spotted or deposited on the solid 
40 support. Typical non-covalenl linkages may include electro- 
static interactions, ligand-protein interactions (e.g., biotin/ 
streptavidin or avidin interaction), and base-specific hydro- 
gen bonding (e.g., complementary base pairs), among 
others. Solid supports may be overlaid with a positively 
45 charges coating, such as amino silane or polylysine and 
presynthesized polynucleotides are then printed directly 
onto the solid surface. 

In addition, presynthesized compounds, such as 
polypeptides, polynucleotides, polysaccharides, or small 
50 molecule libraries, may be obtained commercially, such as 
from Integrated DNA Technologies, ArQule Chembridge, 
and Combichem. These presynthesized compounds may be 
covalently or non-covalently attached to the array surface. 
Methods are also available to immobilize cells or proteins 
55 on solid supports (Mrksich et al., Ann. Rev. Biophys. Biomol. 
Struct. 25:55-78 (1996), U.S. Pat. Nos. 5,989,835 and 
6,103,479, WO 97/45730, WO98/38490, WO00/50872, 
WO00/264O8, WO00/17643, WOOO/17624, WO0003246). 
In particular, Mrkisch et al. (Proc. Natl. Acad. Sci. USA 



ways of immobilizing chemical or biological moieties 60 93:10775-8 (1996), all incorporated herein by reference) 



directly on an array (covalently or noncovalently), anchor- 
ing them to a linker moiety, or tethering them to an immo- 
bilized moiety. These methods are well taught in the field of 
solid phase synthesis and micro-arrays (Protocols for oligo- 
nucleotides and analogs; synthesis sand properties, Metlwds 
Mol Biol. Vol. 20 (1993), Beier et al., Nucleic Acids Res. 
27:1970-1-977(1999), Jooset H. 9 AnaL Chem. 247:96-101 



describe a method for attaching cells on gold with self- 
assembled monolayers of alkanethiolatcs. Singhvi et al. 
{Science 264:696-698 (1994)) describe a method for placing 
cells on predetermined locations of an array and controlling 
cell shape. 

Printing may be accomplished by direct surface contact 
between the printing reagents and a delivery mechanism. 
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The delivery mechanism may contain the use of tweezers, 
pins or capillaries, among others that serve to transfer 
react ants or reagents to the surface. A variation of this simple 
printing approach is the use of controlled electric fields to 
immobilize prefabricated charged reactants to microelec- 
trodes on the array (e.g. U.S. Pat. No. 5,929,208 and WO 
99/06593, both incorporated herein by reference). For 
example, biotinylated polynucleotide probes may be 
directed to individual spots by polarizing the charge at that 
spot and then anchored in place via a steptavidin-containing 
permeation layer that covers the surface (Sosnowski et al., 
Proc. Natl. Acad. Sri. 94:1119-1123 (1997) and Edman et 
al., Nucleic Acid Res. 25:4907-4914 (1997), both incorpo- 
rated herein by reference). Print may also be accomplished 
without the direct contact with the solid support, such as 
using the "drop-on-demand" method described below. Some 
of the advantages of spotting technologies include ease of 
prototyping and therefore rapid implementation, low cost 
and versatility. 

In the second category, reactants are prepared by in situ 
synthesis on the array. In situ synthesis may be performed on 
derivatized sites. Derivatized sites thus become in situ 
synthesis sites. Typically, the density of in situ syn thesis 
sites on an array is between about 10-10,000 per cm 2 , 
preferably below about 5,000, 1,000, 400, 200, 100, or 60 
per cm 2 . The area of each in situ synthesis site may be about 
1x10" 3 to 5 mm 2 , preferably less than about 2, 1, 0.5, 0.2, 
or 0.1 mm 2 . Typically, the total number of in situ synthesis 
sites on an array is between about 20-1,000,000, preferably, 
between about 20-500,000, 20-100,000, 20-50,000, 20-10, 
000, 20-5,000, 20-1,000, or 20-500. 

Small molecules may be prepared on the array using 
standard solid phase organic synthesis methods. Biopoly- 
mers such as polynucleotides, polypeptides, and polysac- 
charides may be synthesized from biochemical building 
blocks such as nucleotides, amino acids, and monosaccha- 
rides in a step-wise fashion. With each round of synthesis, 
these building blocks arc added to growing chains until the 
desired sequence and length are achieved in each spot. In 



carried out. In the case of polynucleotides, the step yields in 
piezoelectric printing method typically equal to, and even 
exceed, traditional CPG polynucleotide synthesis. The drop- 
on-demand technology allows high-density gridding of vir- 
5 tually any reagents of interest. It is also easier using this 
method to take advantage of the extensive chemistries 
already developed for biopolymer and small molecule 
synthesis, for example, flexibility in sequence designs, syn- 
thesis of polynucleotide analogs, synthesis in the 5-3* 
10 direction, etc. Because ink jet technology does not require 
direct surface contact, piezoelectric delivery is amendable to 
very high throughput. An average step yields near or above 
about 98% in in situ polynucleotide synthesis may be 
obtained. Similar methods of reagent delivery using a tip of 
35 a spring probe are described in WO 99/05308, incorporated 
herein by reference. 

In preferred embodiments, a piezoelectric pump may be 
used to add reagents to the in situ synthesis of primer- 
containing moieties on arrays. The design, construction, and 
:o mechanism of a piezoelctric pump are described in U.S. Pat. 
No. 4,747,796. The piezoelectric pump may deliver minute 
droplets of liquid to a surface in a very precise manner. The 
pump design is similar to the pumps used in ink jet printing. 
The picopump is capable of producing 50 micron or 65 
25 picoliter droplets at up to 10,000 Hz and can accurately hit 
a 250 micron target at a distance of 2 cm. 

Methods for solid phase synthesis of large combinatorial 
peptide libraries have been described in the literature 
(Merrifield, Science 232:342-347 (1986), Atherton et al., 
30 Solid Phase Peptide Synthesis, IRL press, London (1989), 
Albericio et al., Methods Enzymol. 289:3.13-316 (1997), and 
U.S. Pat. Nos. 5,614,608 and 5,679,773, all incorporated 
herein by reference). Typically, a growing polypeptide chain 
is covalently anchored to a solid support and amino acids are 
35 added to the support-bound growing chain in a stepwise 
fashion. In order to prevent unwanted polymerization of the 
monomelic amino acid under the reaction conditions, pro- 
tection of the N-terminus of the amino acid and a-amino 
group using blocking groups, such as tert-butyloxycarbonyl 



general, in situ biopolymer synthesis on an array may be 40 (Boc), fluorenylmelhyloxycarbonyl (Fmoc) and the like, is 



achieved by two general approaches. First, photolithography 
may be used to fabricate biopolymers on the array. In the 
case of polynucleotides, a mercury lamp may be shone 
through a photolithograhic mask onto the array surface, 
which removes a photoactive group, resulting in a 5' 
hydroxy group capable of reacting with another nucleoside. 
The mask therefore predetermines which nucleotides are 
activated. Successive rounds of deprotection and chemistry 
result in polynucleotides with increasing length. This 
method is disclosed in, e.g., U.S. Pat. Nos. 5,143,854, 
5,489,678, 5,412,087, 5,744,305, 5,889,165, and 5,571,639, 
all incorporated herein by reference. 

The second approach is the "drop-on-demand" method, 
which uses technology analogous to that employed in ink-jet 
printers (U.S. Pat. Nos. 5,985,551, 5,474,796, 5,700,637, 
6,054,270, 6,028,189, 5,927,547, WO 98/41531, Blanchard 
et al, Biosensors and Bioeleclronics 11:687-690 (1996), 
Schena et al, TIBTECH 16:301-306 (1998), Green et al, 
Curr. Opin. Chem. Biol 2:404-410 (1998), and Singh- 
Gasson, et al, Nat. Biotech. 17:974-978 (1999), all incor- 
porated herein by reference). This approach typically uti- 
lizes piezoelectric or other forms of propulsion to transfer 
reagents from miniature nozzles to solid surfaces. For 
example, the printer head travels across the array, and at 
each spot, electric field contracts, forcing a microdroplet of 
reagents onto the array surface. Following washing and 
deprotection, the next cycle of biopolymer synthesis is 



45 



50 



necessary. After the monomer is coupled to the end of the 
polypeptide, the N-terminal protecting group is removed, 
and another amino acid is coupled to the chain. This cycle 
of coupling and deprolecting is continued for each amino 
acid until the desired length is reached. Photoremovable 
protecting group may be used to allow removal of selected 
portion of the solid support, via patterned irradiation, during 
the deprotection cycle of the solid phase synthesis (Fodor, et 
al, Science 251:767-773 (1991) and U.S. Pal. Nos. 5,143, 
854, 5,489,678, and 5,744,305, all incorporated herein by 
reference.) This selectively allows spatial control of the 
synthesis and the next amino acid is coupled to the irradiated 
areas. In addition to standard solid phase peptide synthesis, 
PCI publication WO 99/06834, incorporated herein by 
reference, describes a method for immobilizing a diverse 
population of antibodies to a solid support. 

Libraries of carbohydrate compounds may also be pre- 
pared on a solid support (Ito et al, Curr. Opin. Chem. Biol. 
2:701-708 (1998), incorporated herein by reference). In 
solid-phase polysaccharide synthesis, elongation of a car- 
bohydrate compounds generally consists of two steps: cou- 
pling of the glycosyl acceptor with the glycosyl donor, and 
selective deprotection of a temporary protecting group to 
liberate the free hydroxyl group that will be subjected to the 
next coupling with a glycosyl donor. At the final stage of 
polysaccharide synthesis, all protecting groups are removed. 
The first carbohydrate residue is typically attached to the 
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solid support via a linker molecule and the residual bydroxyl 
groups are capped after each step. Stable nonclassical gly- 
cosyl donors may be utilized and they may be activated 
under specific conditions (Toshima et ah, Chem. Rev. 
93:1503-1531 (1993), incorporated herein by reference). 
Sulfoxide methods deve lopped by Kahn et ah may be used 
for stereoselective glycosylation of alcohol group (Yan et ah, 
J. Am. Chem. Soc. 116:6953-6954 (1994), incorporated 
herein by reference). Trichoroacetimidate, thioglycoside, 
n-pentenyl glycoside are also amendable to solid phase 
synthesis (Rademann et al., J. Org. Chem. 62:3650-3653 
(1997), Heckel et al., Synlett 171-173 (1998), Nicolaou et 
ah, Am. Chem. Soc. 119:449-450 (1998), Rodebaugh et 
ah, J. Org. Cliem. 62:5660-5661 (1997), Danishefcky et ah, 
Science 260:1307-1309 (1993); and Zheng et ah, J. Org. 
Chem. 63:1126-1130 (1998), all incorporated herein by 
reference). In addition, PCT publication 98/22487, incorpo- 
rated herein by reference, describes methods for synthesiz- 
ing very large collections of diverse thiosaccharide deriva- 
tives attached to a solid support. U.S. Pat. No. 5,846,943 and 
PCF publication WO 98/21221, incorporated herein by 
reference, describe novel solid support matrices having 
toxin-binding polysaccharide covalenlly attached to a solid 
support through a linker arm. In addition to chemical 
synthesis, enzymatic synthesis of polysaccharides, such as 
glycosyltransfe rase -catalyzed glycosylation, has also been 
proved feasible (Shustcr et ah, /. Am. Chem. Soc. 
116:1135-1136 (1994), Yamada et al., Tetrahedron Lett. 
36:9493-9496 (1995), and Blixt et ah, J. Org. Chem. 
63:2705-2710 (1998), all incorporated herein by reference). 

Chemical synthesis of glycopeptide may also be carried 
out on a solid support (Meldal et ah Curr. Opin. Chem. Biol. 
1:552-563 (1997) and Kihlberg et ah, Methods Enzymol. 
289:221-245 (1997), both incorporated herein by 
reference). Frequently, glycosylated amino acids are used as 
building blocks (Gururaja et ah, Lett Pept. Sci. 3:79-88 
(1996); Mcdevilt et al. J. Am. Chem. Soc. 118:3818-3828 

(1996) , and Paulsen et al.,/ Chem. Perkin Trans 1:281-293 

(1997) , alt incorporated herein by reference). 

The synthesis of small organic compounds on a solid 
support is also well known in the art of solid phase organic 
synthesis (Gordon et ah, J. Med. Chem. 37:1385-1401 
(1994); Lowe, Acc. Chem. Res. 24:309-317 (1995), 
Fruchtel, Angew. Chem. Int. Ed. Engl 35:17-42 (1996), 
Hermkens et ah, Tetrahedron 52:4527-4554 (1996), 
Thompson et al., Chem. Rev. 96:555-^600 (1996), and 
Andres, et ah, Curr. Opin. Chem. Biol. 2:353-362 (1998), all 
incorporated herein by reference). In particular, PCT publi- 
cation WO99/09073, incorporated by reference, describes 
methods of carrying out organic chemistry on solid supports 
comprising derivatized functionalities and methods for syn- 
thesizing compounds comprising amine group or 
N-containing heterocycles using functionalized solid sup- 
port. U.S. Pal. No. 5,545,568, incorporated herein by 
reference, describes a general methodology for synthesizing 
combinatorial libraries of various nonpolymeric compounds 
on solid supports, such as benzodiazepine, prostaglandins, 
p-turn mimetics and glycerol-derived drugs. PCT publica- 
tion WO 97/35198, incorporated herein by reference, 
describes methods for synthesizing spatially-dispersed and 
posit ionally-encoded combinatorial chemistry libraries of 
oligomers. The position of each solid support in each array 
determines the exact identity of the oligomers. This method 
is very useful for the synthesis of a peptide library and a 
non-peptide, low molecular weight organic compound 
libraries. PCT publication WO 98/46247, incorporated 
herein by reference, describes a method for immobilizing 



immunosupressive agent, such as cyclosporin analogs on a 
solid support. PCF publication WO 99/21957, incorporated 
herein by reference, discloses methods for generating librar- 
ies of organometallic catalysts on solid support. 

5 C. Immobilization of react ants with releasable sites 

In some embodiments of the instant invention, reactants 
may be first immobilized on an array and subsequently 
released prior to, during, or after array assembly. For 
example, reactants may be delivered via selective cleavage 

10 of a cleavable site on an array-immobilized moiety. A 
releasable site may be introduced in immobilized moieties 
using standard nucleic acid, peptide, carbohydrate, lipid, or 
organic chemistry known to one of skill in the art. The 
release methods may include a variety of enzymatic, or 

is non-enzymatic means, such as chemical, thermal, or pho- 
tolytic treatment. 

In the case of polynucleotides, the synthesis of many 
modified polynucleotides containing cleavable sites is well 
known in the art of polynucleotide synthesis (Verma et al., 

20 Annu. Rev. Biochem. 67:99-134 (1998), Venkalesan et al. J. 
of Org. Chem., 61:525-529 (1996), Kahl et ah, J. of Org. 
Chem., 64:507-510 (1999), and Kahl et ah,/ of Org. Chem. 
63:4870-4871 (1998), and U.S. Pat. Nos. 5,739,386, 5,700, 
642 and 5,830,655, all incorporated herein by reference). 

25 The cleavage methods may include a variety of enzymatic, 
or non-enzymatic means, such as chemical, thermal, pho- 
tolytic cleavage, or a combination thereof. The cleavable site 
may be cleaved prior to, during, or after assembling two 
arrays. The cleavable site may be located along the poly- 

30 nucleotide backbone, for example, a modified 3 ! -5 ? inter- 
nucleotide linkage in place of one of the phosphodiester 
groups, such as ribose, dialkoxysilane, phosphorothioate, 
and phosphoramidate internucleotide linkage. The cleavable 
polynucleotide analogs may also include a substituent on or 

35 replacement of one of the bases or sugars, such as 
7-deazaguanosine, 5-methylcytosine, inosine, uridine, and 
the like. Typically, primers cleaved from the immobilized 
moieties are capable of hydrogen bonding in a sequence- 
specific manner and are capable of extending polynucleotide 

40 synthesis in amplification reactions. Preferably, the primer 
polynucleotides cleaved from the immobilized moieties con- 
tain a free 3'-OH end. The free 3'-OH end may also be 
obtained by chemical or enzymatic treatment, following the 
release of primer polynucleotides. 

45 In some instances, the single stranded immobilized poly- 
nucleotides may be converted to a double-stranded immo- 
bilized polynucleotides, e.g., to load releasable primers, to 
incorporate double -stranded enzyme recognition site. There 
are many ways to prepare double -stranded polynucleotide 

50 arrays. One method is simply adding polynuleo tides con- 
taining complementary sequences or subsequences with 
respect to the array-immobilized polynucleotides. Another 
method of preparation is by incorporating hairpin domain in 
the single -stranded polynucleotides known to those skilled 

55 in the art. Another method of preparation is simply using 
primers, polymerase, and dNTPs to make double stranded 
polynucleotide array. Another method is by hybridizing the 
single-stranded immobilized polynucleotide with a double- 
stranded polynucleotide containing a complementary single- 

60 stranded end, followed by treatment with DNA ligase, which 
results in double-stranded polynucleotides. This method is 
described in DeRisi et ah, Science 278:680-686 (1997) and 
Braun et al., Nature 391:775-778 (1998), both incorporated 
herein by reference. Another method of preparing double- 

65 stranded polynucleotide arrays by synthesizing a constant 
sequence al every position on an array and then annealing 
and enzymatically extending a complementary primer is 
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described in PCT publication WO 99/07888 and Bulyk el al. 
Nature Bioteclinobgy, 17:573-577 (1999), boih incorpo- 
rated herein by reference. 

In one embodiment, cleavable sites contained within the 
modified polynucleotide may include chemically cleavable 5 
groups, such as dialkoxysilane, 3 f -(S)-phosphorothioate, 5'- 
(S)-phosphorothioate, 3'-(N)-phosphoramidaie, 5'-(N)- 
phosphoramidate, and ribose. Synthesis and cleavage con- 
ditions of chemically cleavable polynucleotides are 
described in U.S. Pat. Nos. 5,700,642 and 5,830,655, both 10 
incorporated herein by reference. For example, depending 
upon the choice of cleavable site to be introduced, either a 
functionalized nucleoside or a modified nucleoside dimer 
may be first prepared, and then selectively introduced into a 
growing polynucleotide fragment during the course of poly- is 
nucleotide synthesis. Selective cleavage of the dialkoxysi- 
lane may be effected by treatment with fluoride ion. Phos- 
phorothioate internucleotide linkage may be selectively 
cleaved under mild oxidative conditions. Selective cleavage 
of the phosphoramidate bond may be carried out under mild 20 
acid conditions, such as 80% acetic acid. Selective cleavage 
of ribose may be carried out by treatment with dilute 
ammonium hydroxide. Preferably, the primer polynucle- 
otides cleaved from the immobilized moieties contain a free 
3'-OH end. The free 3 ! -OH end may also be obtained by 25 
chemical or enzymatic treatment, following the release of 
primer polynucleotides. 

In another embodiment, cleavable sites contained within 
the modified polynucleotide may include nucleotides cleav- 
able by an enzyme such as nucleases, glycosylases, among 30 
others. A wide range of polynucleotide bases may be 
removed by DNA glycosylases, which cleaves the 
N-glycosylic bond between the base and deoxyribose, thus 
leaving an abasic site (for a recent review, see Krokan et. al., 
B toe hem. J. 325:1-1.6 (1997), incorporated herein by 35 
reference). The abasic site in a polynucleotide may ihen be 
cleaved by Endonuclease IV, leaving a free 3'-OH end. 
Suitable DNA glycosylases may include uracil-DNA 
glycosylases, G/T(U) mismatch DNA glycosylases, 
alkylbase-DNA glycosylases, 5-methylcytosine DNA 40 
glycosylases, adenine-specific mismatch-DNA 
glycosylases, oxidized pyrimidine-specific DNA 
glycosylases, oxidized purine -specific DNA glycosylases, 
EndoVIII, EndoIX, hydroxymethyl DNA glycosylases, 
formyluracil-DNA glycosylases, pyrimidine -dimer DNA 45 
glycosylases, among others. Cleavable base analogs that are 
readily available synthetically are preferred and modified 
bases that do noi preventing base pairing are also preferred. 
In preferred embodiments, a uracil may be synthetically 
incorporated in a polynucletide to replace a thymine, where 50 
the uracil is the cleavage site and site-specifically removed 
by treatment with uracil DNA glycosylase. The uracil DNA 
glycosylases may be from viral or plant sources. The abasic 
site on the polynucleotide strand may then be cleaved by E. 
coli Endonuclease IV. 55 

In another embodiment, the cleavable site is a restriction 
endonuclease cleavable site, such as class lis restriction 
enzymes. For example, Bpml, Bsgl, BseRI, BsmFI, and 
Fokl recognition sequence may be incorporated in the 
immobilized polynucleotides and subsequently cleaved to 60 
release primer polynucleotides. In another embodiment, the 
cleavable site may be a nucleotide or scries of nucleotides 
capable of blocking or terminating 5' to 3* enzyme-promoted 
digestion by an enzyme having 5" to 3 ! exonuclease activity, 
such as T7 Gene 6 Exonuclease, Exo VIII, Rec J, and spleen 65 
phosphodiesterase II. Blocking nucleotides include peptide 
nucleic acids and nucleotides containing a phosphorothioate 



or borano-phosphate group (U.S. Pat. Nos. 5,700,642 and 
5,830,655, both incorporated herein by reference). 

In preferred embodiments, the cleavable site within an 
immobilized polynucleotide may include a photocleavable 
linker, such as ortho-nitrobenzyl class of photobleavable 
linkers. Synthesis and cleavage conditions of certain pho- 
tolabile polynucleotides on solid support are described in 
Rich et al., J.C.S. Chem. Comm. 610-611 (1973), Vcnkatc- 
san et al./. of Org. Chem. 61:525-529 (1996), Kahl et al., 
/. of Org. Chem. 64:507-510(1999), Kahl et al.,/. of Org. 
Chem. 63:4870-4871 (1998), Greenberg et al., J. of Org. 
Chem. 59:746-753 (1994), McMinn et al., Tetrahedron 
52:3827-3840 (1996), Greenberg, Tetrahedron Lett. 
34:251-254 (1993), Yoo et al., J. of Org. Chem. 
60:3358-3364 (1995), Greenberg, Tetrahedron 51:29-38 
(1995), McMinn ct al., /. of Org. Chem. 62:7074-7075 
(1997), Holmes et ah, /. of Org. Chem. 60:2318-2319 
(1995), Holmes et al., /. of Org. Chem. 62:2370-2380 
(1997), and U.S. Pat. No. 5,739,386 and 5,917,016, all 
incorporated by reference. Certain ortho-nitobenzyl -based 
linkers may also be obtained commercially. For example, 
hydroxymethyl, hydroxyethyl, and Fmoc-aminoethyl car- 
boxylic acid linkers are available from Novabiocbem (http:// 
www.nova.ch). The DMT-prolected o-nitrobenzyl on a solid 
support may also be obtained commercially (e.g., from Glen 
Research). For coupling photolabile linkers to hydrophilic/ 
hydrophobic arrays, reaction of the photolabile linker with a 
primary amine on the array surface may be achieved using 
standard peptide coupling reagents. 

In general, a surface immobilized photocleavable linker 
may have the formula of S-B-L where S is a solid support, 
B is a bond or a derivatizing group, and L is a photocleavable 
linking group having the formula: 



R 2 



(CH 2 )— O-^ 



X 



where, Rj is hydrogen, C 1 -C 8 alkyl, aryl or arylalkyl; R 3 , 
R 4 and R 5 are each independently hydrogen, Cj-C 8 
alkyl, or Cj-Q alkoxy; R 2 is halogen, — SH, — SP, 
— OH, — NH 2 , —OP or — NHP, wherein P is a suitable 
protecting or activating group; and n is 0 or 1 and m is 
an integer of from 1 to 10. This class of photocleavable 
linkers may be coupled to the synthesis of a variety of 
biopolymers such as polynucleotides and polypeptides. 
In some embodiments of the invention, nonphotolabile 
analogue of the photolabile group, such as veralryl alcohol, 
may be doped in the synthesis of photocleavable immobi- 
lized polynucleotide, thus creating a heterogeneous mixture 
of photocleavable and nonphotocleavable immobilized 
polynucleotides at a finite area on the surface of an array. By 
varying the ratio of the amount of cleavable and non- 
cleavable linker, the relative molar quantities of the cleaved 
and surface bound polynucleotides may be optimized for 
capturing the amplification products of amplification 
reactions, and for polynucleotide elongation of the com- 
plexes between the surface bound noncleavable polynucle- 
otides and the captured amplification products. 

For immobilized polypeptide in solid phase synthesis, 
simultaneous deprotection of the side-chain groups and the 



US 6,632,641 Bl 

25 26 

cleavage of peptide from the solid support may be achieved Diego, Calif., 1990), Manila et al., Nucleic Acids Res. 
by treatment with a bard acid, such as hydrogen fluoride 19:4967 (1991), Eckert et al., PCR Metltods and Applica- 
(HF), trifluoromethanesulfonic acid (TFMSA), or trifluo- tions 1, 17 (1991), PCR A Practical Approach andPCRIA 
romethanesulfonic acidtrimethylsilyl ester (TMSOTf) Practional Approacli (eds. McPherson et al., Oxford Uni- 
(Steward, Methods in EnzymoL 289:29^4 (1997), incorpo- 5 versity Press, Oxford, 1991 and 1995), all incorporated by 
rated herein by referece). In addition to production of free reference). The selection of primers defines the region to be 
polypeptides by acidolysLs, a peptide amide may be pro- amplified. The polymerase used to direct the nucleotide 
duced by treatment with ammonia and amines. Polypeptide synthesis may include, for example, E. coli DNA poly- 
may also be reduced to alcohols by treating with LiBH 4 in merase I, Klenow fragment of E. coli DNA polymerase, 
THF. Sequence specific cleavage of polypeptides or modi- io polymerase muteins, heat-stable enzymes, such as Taq 
lications thereof may be carried out using suitable enzymes, polymerase, Vent polymerase, and the like. For a reverse- 
such as proteases, known in the art. In addition, phenacyl transcriptase -PCR, enzyme such as reverse transcriptase 
based or ortho-nitrobenzyl based linking group may also be may be used. 

used as a photocleavable linker to couple peptides to solid With the aid of arrays, large numbers of PCR reactions 
support (Wang,./. Org. Cliem. 41-3258 (1976), Rich el al., 15 may be performed in parallel by confining selected PCR 
J. Am. Chem. Soc. 97:1575-1579 (1975), Hammer et al., Int. reactants to definite areas on two arrays, bringing two arrays 
J. Peptide Protein Res. 36:31-45 (1990), U.S. Pat. Nos. into apposition, and allowing reactants on two arrays to 
5,739,386 and 5,917,016). Photolysis offers a mild method merge and triggering PCR reactions. In preferred embodi- 
of cleavage which complements traditional acidic or basic ments of the instant invention, One or more primers of the 
cleavage techniques (see, e.g., Lloyd-Williams et al., Tetra- 20 PCR reaction may also be first hybridized to immobilized 
hedron 49:11065-11133 (1993)). Photocleavage of peptide moieties on defined areas of a first array surface and sub- 
ligands from solid supports for screening enzyme inhibitors sequently released by strand separation. One or more prim- 
has also been reported (Schullek et al., Anal. Biochem. ers of the PCR reaction may be first immobilized on defined 
246:20-29 (1997)). areas of an array surface via a cleavable site and subse- 

For immobilized polysaccharides, linker groups typically 25 quently released upon array assembly. The covalent array 

have enough stability to withstand glycosylation reaction immobilization site may either be at the 5' end of the 

conditions, while being able to undergo cleavage in mild polynucleotide (or the 3' distal and 5' proximal orientation) 

conditions without affecting the polysaccharide backbone or at the 3' end of the primer polynucleotide (or the 3' 

structure and protecting groups. Phololabile linkers, proximal and 5' distal orientation). In some instances, the 

described in Nicolaou et al., supra and Rodebaugh et al., 30 array immobilization site may be within the polynucleotide 

supra, may be used. A silyl ether may be removed by a (i.e. at a site other than the 5' or 3 f end of the polynucleotide), 

fluoride ion (Danishefsky, et al., supra) and a thioglycoside- The array-immobilized and primer-containing moieties typi- 

like linker may be cleaved under various thiophilic condi- cally have lengths ranging from about 5 to 100 nucleotides, 

tions (Yan et al., supra). In addition, base-labile linkers, such preferably between about 10 to 50 nucleotides, more pref- 

as 9-fluoroenylmethoxycarbonyl-type and succinate type 35 erably between about 10 to 30 nucleotides, 

may be cleavable with triethylamine and aqueous ammonia, The remaining reactants of the PCR reaction may be 

respectively ( Adinolfi et al., Tetrahedron Lett. confined to defined areas or reaction wells on the surface of 

37:5007-5010 (1996) and Wang et al, Chem. Lett. 273-274 another array. The combination of two groups of reactants is 

(1995), both incorporated herein by reference). achieved by bringing two arrays into close proximity and 

III. Carrying Out Large Numbers of Reactions Using Array 40 allowing the merge of reactants on two arrays. The primers 

Assembly of the PCR reaction may be released chemically, 

One of skill in the art will appreciate that all non- enzymatically, or phololytically before, during, or after 

unimolecular reactions, which require two or more reactants assembling two arrays. 

are compatible with the present method and apparatus. In Following the primer release, the PCR reactions may be 
preferred embodiments of the instant invention, a myriad of 45 performed according to known protocols in the art. 
chemical and biological reactions may be carried out using Typically, the temperature may be raised to separate the 
the instant method and apparatus. These reactions may double-stranded target nucleic acid to form the single- 
involve cells, viruses, nucleic acids, proteins, carbohydrates, stranded templates for amplification. The temperature may 
lipids, or small molecules. These reactions may be poly- then be lowered to generate the primed templates for DNA 
nucleotide amplification reactions, or molecular binding 50 polymerase. The temperature may again be raised to pro- 
interactions, such as, protein-DNA, nucleic acid mote polynucleotide synthesis, and the cycle of strand 
hybridization, inhibitor-enzyme, receptor-antagonist, drug- separation, annealing of primers, and synthesis is repeated 
DNA, antibody-antigen, toxin-carbohydrate, receptor- for about as many as 30-60 cycles. 

glycoprotein binding reactions, among others. One of skill in the art will appreciate that many other 
A. Polynucleotide amplification reactions 55 polynucleotide amplification reactions may also be carried 
A large variety of polynucleotide amplification reactions out using the instant method and apparatus. For reviews, see 
known to those skilled in the art may be suitable for the Isaksson and Landegren, Curr. Opin. Biotechnoi 10:11 -15 
instant invention, The most common form of polynucleotide (1999), Landegren, Curr. Opin. Biotechnoi. 7:95-97 (1996), 
amplification reaction, such as a PCR reaction, is typically and Abramson et al., Curr. Opin. Biotechnoi. 4:41^17 
carried out by placing a mixture of target nucleic acid 60 (1993), all incorporated herein by reference. Typically, 
sequence, deoxynucleotide triphosphates, buffer, two amplification of either or both strand of the target nucleic 
primers, and DNA polymerase in a thermocycler which acid comprises the use of one or more nucleic acid- 
cycles between temperatures for denaturation, annealing, modifying enzymes, such as a DNA polymerase, a ligase, an 
and extension (PCR Technology: Principles and Applica- RNA polymerase, or an RNA-dcpendent reverse tran- 
tions for DNA Amplification (ed. H. A. Erlich, Freeman 65 scriptase. For example, polynucleotide amplification reac- 
Press, NY, N.Y., 1.992), PCR Protocols: A Guide to Metlwds tions may include self-sustained sequence replication (3SR) 
and Applications (eds. Innis, el al., Academic Press, San (Muller et al., Histochem. Cell Biol. 108:431-437 (1997), 
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incorporated herein by reference), nucleic acid sequence- 
based amplification (NASBA) (Malek et al., Methods Mol 
Biol 28:253-260 (1994), incorporated herein by reference), 
strand displacement activation (SDA) (Walker, PCR Meth- 
ods Appf. 3:1-6 (1993), incorporated herein by reference), 
ligase chain reaction (LCR) (Wu et al., Genomics 4:560 
(1989), Landegren et al., Science 241:1077 (1988), 
Abravaya et al, Nucleic Acids Res. 23:675-682 (1995), and 
Wiedmann et al., PCR Methods AppL 3:S51-64 (1994), all 
incorporated herein by reference), and Qp replicase system 
(Burg et al, Anal Biocliem. 230:263-272 (1995), incorpo- 
rated herein by reference), among others. Depending on the 
target nucleic acid and its concentration, polynucleotide 
amplification reactions may either exhibit solution or solid 
phase reaction profile. 

B. Coupling of polynucleotide amplification reactions and 
sequence variation detections 

The present invention may be used to couple the ampli- 
fication and detection procedures, thus providing an envi- 
ronment for simultaneously carrying out thousands of ampli- 
fication reactions followed by simultaneous detection of 
thousands of amplified products on the array assembly. This 
coupling of amplification reactions and sequencing reactions 
simplifies the detection procedure and streamlines the meth- 
ods of amplification and sequencing. Array assembly is a 
faster and cost-effective method for amplification and 
sequencing, which is amendable to high throughput appli- 
cations. 

In some embodiments of the instant invention, the ampli- 
fication products generated in polynucleotide amplification 
reactions may be captured by immobilized polynucleotide 
interrogation probes or non-cleavable moieties on either the 
first or the second array. The capture may be accomplished 
by hybridizing amplification products with immobilized 
interrogation probes. For example, a fraction of immobilized 
polynucleotides may contain non-cleavable polynucleotides 
designed for capturing amplification products, while another 
fraction of immobilized polynucleotides confined in the 
same area of the array may contain cleavable polynucle- 
otides designed for delivering amplification primers during 
the assembly of two arrays. It is also possible to immobilize 
non-cleavable moiety at a different area than the primer- 
containing cleavable immobilized moiety for capturing 
amplified products. Therefore, when amplification reactions 
are completed between two arrays and the arrays are pulled 
apart, each strand of the amplified products may be sepa- 
rated as each strand forms different hybridization complexes 
between non-cleavable polynucleotides remain immobilized 
on an array. It is also possible to carry out amplifications that 
result in an excess of one strand of the amplification prod- 
ucts by varying primer concentrations. In this case, single 
stranded amplification products may also be captured by 
non-cleavable polynucleotides immobilized on an array. 

After the amplified products of a target nucleic acid are 
captured, they may be directly or indirectly used in delecting 
polynucleotide sequence variations. Strategies for identifi- 
cation and detection of polynucleotide sequence variations 
are known in the art (Nelson, Crit. Rev. Clin. 1Mb. Sci. 
35:369-414 (1998), Landegren et al., Genome Res. 
8:769-776 (1998), Syvanen, Human Mutation 13:1-10 
(1999), U.S. Pat. Nos. 6,001,567, 5,985,557, 5,888,819, 
5,650,277, 5,710,028, 5,858,659, and 5,871,928, and PCT 
applications WO 99/27137, 98/54362, 98/56954, 98/38846, 
99/14228, 98/30883, and 99/37812, all incorporated herein 
by reference). 

In general, the identification of a sequence variation may 
be separated into two categories. In one category, the 
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sequence variants may be distinguished by hybridization. 
This method employs immobilized sequence-specific poly- 
nucleotide probes. A single mismatch in a hybridization 
complex formed between amplification product and probes 
5 may cause a significant change in the signals detected. In a 
typical approach, a series of probes of known sequence and 
of similar length, each with one of the four different bases 
at a given location near the center position are affixed to the 
array surface. 

10 In the second category, the sequence variants may be 
determined using polynucleotide modifying enzymes. The 
polynucleotide modifying enzymes include DNA 
polymerases, DNA ligase, nuclease, and restriction 
enzymes, among others. For example, in a miniscquencing 

35 reaction, a DNA polymerase is used to extend an interroga- 
tion primer that anneals immediately adjacent to the nucle- 
otide position of interest with a single labeled nucleoside 
triphosphate complementary to the nucleotide at the variant 
site. 

20 I. Sequence variation detection by hybridization In one 
aspect, the present invention is suitable for determining 
precharacterized polynucleotide sequence variations. In 
other words, the ge no typing is performed after the location 
and nature of polymorphic forms or mutations have already 

25 been determined. The sequences of known polymorphic 
forms and the wild-type/mutation sequences may be used to 
as reference sequences. For example, the two polymorphic 
forms of a biallelic single nucleotide polymorphism (SNP) 
may be used as two reference sequences. To analyze a 

30 deletion mutation, one can select the wild-type form and the 
deleted form as two reference sequences. In some instances, 
sequence variations of both the coding and noncoding 
strands of the target nucleic acid sequence may be deter- 
mined. Therefore, both the coding and noncoding strands 

35 may be used as reference sequences for sequence variation 
determinations. 

Although, in general, the reference sequences are from the 
same source as the target nucleic acid, in some instances, 
they may be from difference sources. For example, the 

40 sequences can be from a human or mouse. A substantial 
number of mutations and polymorphic forms have been 
reported in the published literature or may be accessible 
through publicly available web sites. See also, Gelfand et al., 
Nucleic Acids Res. 27:301-302 (1999) and Buetow et al., 

45 Nat. Genet. 21:323-325 (1999). The availability of refer- 
ence sequence information allows an initial set of polynucle- 
otide probes to be designed for the identification of the know 
sequence variations. 

The determination of sequence variations using the 

50 present invention also includes de novo characterizing poly- 
nucleotide sequence variations. In other words, genotyping 
may be used to identify points of new variations and the 
nature of new variations. For example, by analyzing a group 
of individuals representing ethnic diversity among humans, 

55 the consensus or alternative allcles/haplotypes of the locus 
may be identified, and the frequencies in the population may 
be determined. Allelic variations and frequencies may also 
be determined for populations characterized by criteria such 
as geography, gender, among others. Such analysis may also 

60 be performed among different species in plants, animals, and 
other organisms. 

A set of polynucleotide probes based on reference 
sequences for each sequence variation may be designed. The 
design of a probe set typically includes probes that are 

65 perfectly complementary to the reference sequences and 
span the location of each sequence variation. Perfect 
complementary means sequence-specific base pairing which 
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includes e.g., Waston-Crick base pairing or other forms of 
base pairing such as Hoogstein base pairing. Leading or 
trailing sequences flanking Ihe segment of complementarity 
can also be present. In the simplest form, a pair of poly- 
nucleotide probes perfectly complementary to the two poly- 5 
morphic forms of a biallelic SNP (two reference sequences) 
may be employed. Of course, additional related polynucle- 
otide probes may be added to improve the accuracy of the 
detection. For example, for each perfectly complementary 
probe, there may be three corresponding probes, each with 10 
a different nucleotide at the variation position. More com- 
plex design of polynucleotide probes known to those skilled 
in the art may also be employed. For example, various tiling 
methods (e.g., sequence tiling, block tiling, 4x3 tiling, and 
opt-tiling) are described in WO 95/11995, WO 98/30883, 15 
WO 98/56954, EP 717U3A2, and WO/99/39004, all incor- 
porated herein by reference. 

A diploid organism may be homozygous or heterozygous 
for a biallelic SNP. There are four possible SNP homo zy- 
gotes (A/A, T/T, C/C, and G/G) and six possible heterozy- 20 
gotes (T/A, A/G, C/T, C/A, T/G, and C/G). When the 
polynucleotide probes are hybridized with a heterozygous 
sample in which both polymorphic forms are present, the 
patterns for the homozygous polymorphic forms are super- 
imposed. Thus, the probes show distinct and characteristic 25 
hybridization patterns depending on which sequence varia- 
tion is present and whether an individual is homozygous or 
heterozygous. FIG. 4 is an example of amplifying a target 
nucleic acid, capturing the amplified products and sequenc- 
ing by hybridization with captured amplified products. 30 

In addition to using array-immobilized polynucleoitdes 
for hybridization detection, many homogeneous hybridiza- 
tion detection methods may also be employed. For example, 
hybridization probe that form hairpin-loop structure in the 
absence of the correct target nucleic acid may be utilized 35 
(Tyagi et al, Nature Biotechnol 16-49-53 (1998)). The 
formation of a hairpin-loop conformation brings the fluoro- 
phore and the quencher pair close together, thus extinguish- 
ing the donor fluorescence. 

2. Sequence variation detection by a polynucleotide modi- 40 
fying enzyme 

In some embodiments of the instant invention, the cap- 
tured amplification products may be used indirectly in the 
subsequent sequencing reactions. For example, hybridiza- 
tion complexes between the captured amplification products 45 
and immobilized polynucleotides may be further extended 
using a suitable DNA modifying enzyme to determine the 
sequence of the amplified products. 

In the primer extension method, nucleotide extension 
reaction catalyzed by the DNA polymerase is used to 50 
distinguish between the sequence variants. For example, a 
sequencing probe may be annealed to the amplified 
polynucleotides, e.g. immediately 3' of the sequence varia- 
tion position. 'Ill is primer may then be extended with one or 
more labeled nucleoside triphosphates that are complemen- 55 
tary to the nucleotide to be detected using a DNA poly- 
merase. The distinction between the sequence variants is 
based on the accuracy of the nucleotide incorporation reac- 
tion catalyzed by a DNA polymerase, not the differences in 
thermal stability between mismatched and perfectly 60 
matched hybridization complexes. This method allows dis- 
crimination between the homozygous and heterozygous 
genotypes. This method is robust and insensitive to small 
variations in the reaction conditions. The same reactions 
may be employed for detecting any nucleotide variable 65 
nucleotide irrespective of the nucleotide sequence flanking 
the variable site. 



Typically, any DNA polymerase without proofreading 
activity may be used in this method in order to avoid 3'-5 f 
degradation of the probe. DNA polymerase may include 
Klenow DNA polymerase, T7 DNA polymerase 
("Sequenase"'), thermostable polymerase, among others. 
Depending upon the polymerase, different conditions may 
be used, and different temperature ranges may be required be 
the hybridization and extension reactions. Any labeled 
nucleotide analogue that is incorporated sequence specifi- 
cally by a DNA polymerase may serve as detectable group. 
In one embodiment, labeled extension terminators, such as 
dideoxoynucleotides (e.g., ddATP, ddCTP, ddGTP, ddTTP, 
and ddUTP), arabinoside triphosphates, may be used 
because they terminate the extension reaction. Therefore, 
enzymatic extension of the sequencing primer by one nucle- 
otide depends on the correct base pairing of the added 
nucleotide to the nucleotide variation to be detected. In 
another embodiment, labeled deoxynucleolides may be used 
to extend the primer beyond one nucleotide. Therefore, 
enzymatic extension of the sequencing primer by more than 
one nucleotide depends on the correct base pairing of the 
sequencing primer to the nucleotide variation to be detected. 

To obtain specific extension of the polynucleotide in the 
sequencing step, the excess of amplification reagents are 
removed before the sequencing reaction. A second separa- 
tion step may also be used to separate the labeled extension 
products from the unincorporated labeled nucleotide before 
measurement. In addition, any size fractionating methods 
may be used to determine the sequence of primer extension 
products. These methods include gel electrophoresis, such as 
polyacrylamide or agarose gel electrophoresis, capillary 
electrophoresis, mass spectrometry, and MPLC. 

In another example, the 5' nuclease activity of a variety of 
enzymes may also be employed to cleave and detect target - 
dependent cleavage structure (also known as the Invader® 
assay). Specific DNA and RNA sequences are detected by 
using structure-dependent enzymes to cleave a hybridization 
complex with overlapping polynucleotide probes. Details of 
detecting sequence variations using 5 ? nuclease assay have 
been described in WO 98/4287. Details of detecting 
sequence variations using structure-bridging polynucle- 
otides have been described in WO 98/50403. 

In addition, the sequence variants may be determined by 
using mass spectrometry, such as matrix -assisted laser 
desorption/ionisation time-of-flight mass spectrometry, tan- 
dem mass spectrometry, etc. Certain examples of sequence 
variation detection using mass spectrometry have been 
described in U.S. Pat. Nos. 6,074,823, 6,043,031 and 5,691, 
141. Sequence variations may be distinguished by marker, 
hybridization pattern, or discrimination of DNA modifying 
enzyme (e.g., exonuclease) followed by mass spectrometry. 

FIG. 5 is an example of amplifying a target nucleic acid, 
capturing the amplified products, and sequencing by primer 
extension reactions using captured amplified products. FIG. 
6 is an example of amplifying a target nucleic acid, capturing 
the amplified products, and sequencing by primer extension, 
in the absence of chain terminating nucleotides, using cap- 
tured amplified products. 

B. Coupling of polynucleotide amplification reactions and 
quantitations of polynucleotides 

The multiplexing method and apparatus disclosed in the 
instant invention may be used to quantitate nucleic acid 
molecules, for example measuring gene expression, gene 
copy number, viral load, etc. 

One application is the monitoring of gene expression level 
and comparing of gene expression patterns following PCR 
amplification of target nucleic acid. Many gene-specific 
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polynucleotide probes derived from the 3* end of RNA lion. Cleavage of the probe by 5-3' exonuclease activity of 

transcripts may be spotted on a solid support. This array is a thermostable polymerase (e.g., a Taq polymerase) during 

then probed with fluorescently labeled cDNA representa- strand elongation releases the reporter from the probe and 

lions of RNA pools from lest and reference cells. The thus its proximity to the 3 ! quencher, resulting in an increase 

relative amount of transcript present in the pool is deter- 5 in re porter emission intensity. Thus, the fluorescence signals 

mined by the fluorescent signals generated and the level of are detectable and can be quantified. The cycle at which the 

gene expression is compared between the test and the emission intensity of the sample rises above baseline 

reference cell. See, e.g., Lockhart et Nature 405:827-336 (threshold cycle) is inversely proportional to the target 

(2000), Roberts et al., Science 287:873-880 (2000), Hughes sequence concentration. The higher the target concentration, 

et al., Nature Genetics 25:333-337 (2000), Hughes et al., io the lower the number of amplification cycles required to 

Cell 102: 109-126 (2000), Duggan, D., et al., Nature Genet- detect the rise in reporter emission above baseline. Typically, 

ics Supplement 21:10-14 (1999), DcRisi, J., et al., Science an ABI PRISM™ Sequence Detection System (PE Applied 

278:680-686 (1997). and U.S. Pat. Nos. 5,800,992, 5,871, Biosyslems) may be used to detect the fluorescent signals. 

928, and 6,040,138, all incorporated herein by reference. Two probes labelled with different reporter dyes (e.g., FAM, 

In the instant invention, gene expression monitoring or 15 tetraehloro-6-carboxy-fluorescein [TET], hexachloro-6- 

profiling may be performed on a solid support with in situ carboxyfluorescexn [JOE]) may also be used in the 5 ! 

synthesized polynucleotides. The simultaneous monitoring nuclease assay. This two-color detection may improve 

of the expression levels of a multiplicity of genes permits sample quantitation accuracy, reduce assay sample numbers 

comparison of relative expression levels and identification and increase sample throughput. 

of biological conditions (e.g., disease detection, drug 20 The 5' nuclease assay may be improved by measuring the 

screening) characterized by alterations of relative expression released fluorescent emission continuously during the PCR 

levels of various genes. The simultaneous monitoring of the amplification instead of an endpoint measurement (Real 

expression levels also includes the determination of the Time PCR quantification, Heid et al., Genome Res. 

presence or absence of genes. 6:986-994 (1996); Gibson et al. Genome Res. 6:995-1001 

Polynucleotide probes for expression monitoring may 25 (1996); and Livak el al. PCR Methods and Applications 

include probes each having a sequence that is complemen- 4:357-362 (1995), all incorporated herein by reference), 

tary to a subsequence of one of the genes (or the mnRNA or Since the exponential accumulation of the fluorescent signal 

the corresponding antisense cRNA). The gene intron/exon directly reflects the exponential accumulation of the PCR 

structure and the relatedness of each probe to other amplification product, this reaction is monitored in real time, 

expressed sequences may also be considered. Polynucle- 30 Real time RT-PCR may also be performed by adding 

otide probe set may additionally include mismatch controls, reagents for RT-PCR and incubating reaction mixture at a 

normalization probes, and expression level control probes, temperature optimal for reverse transcription, 

among others. In particular, expression level control probes There are also many endpoint methods to detect and 

are those hybridize specifically with constituively expressed quantitate PCR products. These methods typically employ 

genes in the biological sample, such as p-actin, the trans- 35 an intercalator or major or minor groove binder. For 

ferrin receptor gene, the GAPDH gene, and the like. They example, Higuchi et al. (Bio/Technology 10:413-417 (1992) 

are designed to control for the overall health and metabolic and 11:1026-1030 (1993)) describe a method for real-time 

activity of a biological sample. PCR product quantitation by measuring the increase in 

In some embodiments, a multiplicity of genes may be ethidium bromide intensity during amplification with a 

monitored in real lime by using reverse transcriptase PCR. 40 charge-coupled device (CCD) camera. Ishiguro et al. (Anal. 

Quantitation of transcription levels of multiple genes can be Biochem. 229:207-213 (1995)) describe the use of various 

absolute or relative. Absolute quantification may be accom- intercalates to quantitate PCR amplification products, 

plished by inclusion of known concentration of one or more Quantitation of nucleic acids may also be achieved by 

target nucleic acids such as control nucleic acids or known diluting or dividing a solution containing the nucleic acid of 

amounts of the target nucleic acids to be detected. The 45 interest. The polynucleotide amplification reactions may be 

relative quantification may be accomplished by comparison performed on the diluted or divided reaction volumes until 

of hybridization signals between two or more genes, or no subject nucleic acid molecules are amplifiable in the 

between two or more treatments to quantify the changes in reaction volumes. The number of reaction volumes and the 

hybridization intensity. dilution factor can determine ibe number of the nucleic acid 

In addition of quantitating polynucleotides based on 50 molecules in a solution, 

hybridization, a polynucleotide modifying enzyme may also If a solution (e.g. 100 ul) containing 1000 molecules of 

employed to quantitatively measure polynucleotides (see, nucleic acid of interest is diluted to 10,000 ul and then 

e.g., Lie et al., Curr. Opin. in Biotech. 9:43-48 (1998), divided into 1000 reaction volumes, each reaction volume 

incorporated herein by reference). These methods include (10 ul) contains about 0.1 ul of the original undiluted 

for example quantitative PCR, competitive PCR, and 5' 55 solution and theoretically 1 molecule of the nucleic acid of 

nuclease assay. interest. If a polynucleotide amplification reaction is per- 

In a 5' nuclease assay (also known as the TaqMan™ formed on each of the 1000 reaction volumes, the number of 

technology), a. polynucleotide probe is annealed to a target reaction volumes where amplification occurs is theoretically 

sequence located between the forward (5') and reverse (3') 1000. Of course, the number of reaction volumes where 

primer binding sites. The probe may be labelled with a 60 nucleic acid of interest is amplified is almost certainly less 

reporter dye (e.g. FAM, 6-carboxyfluorescein) at the 5' end than 1000, because some reaction volumes may not get any 

and a quencher dye (e.g. TAMRA, molecule of nucleic acid of interest (i.e. some reaction 

6-carboxytetramethylrhod amine) in the middle, or at the 3' volumes get two or more molecules by chance or clumping 

end, which compensates the emission spectra of the reporter of molecules) and/or because the efficiency of amplification 

dye as long as both dyes are attached to the probe. Modi- 65 reaction is less than 100%. However, as the dilution factor 

fication of the probe with a 3 , -blocking phosphate may increases, multiple seeding of nucleic acids in each reaction 

prevent extension of the annealed probe during amplifica- volume will decrease and more and more reaction volumes 
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will receive no nucleic acid of interest because of low IV. Probe Designs for Sequence Variation Detection or 

concentration. When the number of reaction volume where Polynucleotide Quantitation 

nucleic acid of interest is amplified is substantially lower Id detecting sequence variations or quanlitating 

than the number of reaction volumes, e.g. less than half, the polynucleotides, amplified nucleic acids are frequently 

concentration of nucleic acid of interest may be accurately 5 determined by analyzing the extent of hybridization. The 

determmed by counting the number of the reaction volume fundamental aspect of this method is the discrimination of 

where the nucleic acid of interest is amplified and correcting hybridization stability between the match and the mismatch, 

it with the dilution factor In addition, by carrying out this A recurring problem t0 lhis discrimination is that a perfect 

process with known standard amounts of nucleic acids, the match in rich hybridization complexes would often have 

efficiency of amplication reaction may be measured and u ^ . Q/c fich n bridization 

subsequently used as a correction factor. For example, a . _ ; r . . f , .... , , J 

solution of 100 ul contains unknown amount of nucleic acid com P lcx <f This dependency of stability on base composi- 

of interest. The solution may be diluted to 10,000 ul and then ' 10n ma y ,e r ad , 10 ^Isc positives or false negatives. Therefore, 

divided into 1000 reaction volumes with each reaction for successful and reliable detection, several factors in probe 

volume (10 ul) containing about 0.1 ul of the original selection may be considered. See Cantor and Smith, Genom- 

undiluted solution. If polynucleotide amplification reactions 15 »»: the science and technology behind the human genome 

arc performed in 1000 reaction volumes and about 90 project, John Wiley & Sons (1999). 

reaction volumes are determined to have nucleic acid of A. Polynucleotide Sequence and Length 

interest amplified, the number of molecules present in the One of the factors influencing hybridization performance 

original undiluted solution is about 90 (dilution factor =1) of a polynucleotide probe is base composition. It is well 

and concentration of the nucleic acid of interest may also be 20 known that sequences rich in G/C are more stable than 

determined if the molecular weight of the nucleic acid is sequences with lower G/C content. The solution melting 

known. temperature (Tm) of a polynucleotide, at which 50% of the 

C. Other reactions polynucleotide is hybridized and 50% is not hybridized, is 

The instant method and apparatus may be used to inves- often used as a practical indicator of the hybridization 

tigate large numbers of molecular binding interactions, for 25 strength of a polynucleotide probe of a given base compo- 

example, sequence -specific interactions between polynucle- sition. Methods for measuring Tm of a polynucleotide are 

otides (or modifications thereof) and polypeptides (or modi- well known in the art. See, e.g., Cantor and Schimmel, 

fications thereof). The array assembly may be utilized to Biophycical Chemistry, San Francisco, W. H. Freeman 

screen large numbers of polypeptides with different (1980), incorporated herein by reference. There are also 

sequences for binding to a particular polynucleotide 30 many ways to calculate Tm using mathematical algorithm. A 

sequence or a large number of polynucleotides with different widely used rule of thumb is two degree of increase in Tm 

sequences for binding to a particular polypeptide. Either by adding an A/T base pair and four degree of increase in Tm 

polynucleotides or polypeptides may be immobilized on one by adding a G/C base pair. This simple formula may be 

array, although it is possible that none is immobilized. Other further modified to take into account of the ionic strength 

molecular binding interactions, such as nucleic acid 35 and sol vent effect. For example, Tm may be calculated using 

hybridization, inhibitor-enzyme, receptor-antagonist, drug- the formula: 
DNA, antibody-antigen, toxin-carbohydrate, protein- 

carbohydra.e, and glycoproiein-rcccptor reactions may also 6 6 <■"« *>Mta% of G/c-60Qfr-o.65><% of tor- 
be screened on a large scale using similar methods (see, e.g., 

Schullek et a\. t Anal. Biochem. 246:20-29 (1997), Pandey et 40 Where Na"is sodium concentration, n is length of poly- 

al., Nature 405:837-846 (2000), de Wildt et al., Nature nucleotide. 

Biotechnol. 18:989 (2000), Uetz et al., Nature 403:623 A more reliable formula to calculate Tm is available based 

(2000), and White Annu. Rev. Pharmacol. Toxicol on the interactions between a particular base and its nearest 

40:133-157 (2000), all incorporated herein by reference). neighbors, i.e., the nearest-neighbor model. An enthalpy and 

For example, a combinatorial peptide library of potential 45 entropy for each nearest neighbor combination of two adja- 

enzyme inhibitors may be synthesized via an o-nitrobenzyl cent base pairs (AA, AC, AG, AT, CA, CC, CG, CT, GA, 

linker to a first solid support. Enzymes with buffers may be GC, GG, GT, TA, TC, TG, and IT) have been established 

confined to reaction wells on a second solid support. After based on the extensive melting experiments using various 

array assembly, potential enzyme inhibitors may be released polynucleotide sequences. Thermodynamic coefficients of 

by photolysis. A labeled enzyme substrate may be added to 50 nearest-neighbor models are available for DNA/DNA, 

each reaction well. Enzyme inhibition may be identified and DNA/RNA, and RNA/RNA hybridizations. Therefore, free 

quantified using an optical system. energy of hybridization of two sequences at any temperature 

Polypeptides may be immobilized on solid supports and in solution may be calculated. See, e.g., U.S. Pat. No. 

assayed for their functions. In one method, recombinant 5,556,749, Hyndman, D., et al., BioTechniques 20(6) 

proteins (e.g., GST-tusion proteins) may be immobilized on 55 : 1090-1 097 (1996), Milsuhashi, M.,7. Clinical Laboratory 

a first solid support. Cell lysates containing interaction Analysis 10:277-284(1996), We tmur, J., Critical Reviews in 

partners may be confined on a second array (e.g., in reaction Biochemistry and Molecular Biolog, 26:227-259 (1991), 

wells). After array assembly, the system may be washed to Rychlik et al. Nucleic Acids Res. 17:8543-8551 (1989), and 

remove unbound material. The bound proteins may be Rychlik et al., Nucleic Acids Res. 18:6409-6412 (1990), all 

identified by known spectroscopic methods in the art. In 60 incorporated herein by reference. 

another method, the yeast two-hybrid system may also be The hybridization behavior of immobilized polynucle- 
applied to array-based analysis. Yeast cells may be trans- otide probes on a solid support is different from that in 
formed with individual open reading frame-activation solution. Therefore, a more empirical approach is necessary 
domain fusions and grown on a first array surface. Such to predict and modulate hybridization behavior of array- 
array may then probed in a mating assay with yeast cells 65 immobilized polynucleotide probes. Additional melting 
containing ORF-DNA-binding domain fusions on a second temperature experiments on solid supports may be con- 
array, ducted to more accurately characterize the thermodynamics 
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and kineiics of hybridization behaviors of polynucleotide 
probes on an array. See Cantor and Smith, supra. Despite the 
differences in solid phase and solution phase kinetic and 
thermodynamic hybridization profiles, many variables 
affecting melting temperatures for solution hybridization, 
such as the effects of length, temperature, ionic strength, and 
solvent, are applicable for hybridization on solid supports. 

Tm or free energy of hybridization may be evaluated 
based on base compositions, polynucleotide length, ionic 
strength, and thermodynamic parameters. High G/C content 
polynucleotide probes with a few mismatches may exhibit 
more stable hybridization than AT- rich polynucleotides 
without mismatches. Mismatches in the middle of the probe 
sequence are more consequential for hybridization than 
those at the 5 ! or 3' end. Shorter probe lengths may provide 
the maximum mismatch destabilization and result in the 
greater match to mismatch ratios. However, this advantage 
is partially offset by the wide range of Tm values for short 
probes, depending on their specific sequence composition. 
For example, probes with 17 nucleotides long with a single 
base difference may differ by 5° C. in Tm, If an array with 
equal length polynucleotide probes is used, baseline hybrid- 
ization may yield wide range of signal intensities due to 
wide range of Tm values. 

One skilled in the art will appreciate that in order to 
increase or decrease the melting temperature of a probe, it 
may be desirable to add, delete or change one or more bases 
in the probes. In certain embodiments of the inventions, 
polynucleotide probes with similar solution melting tem- 
peratures may be selected. The length of a polynucleotide 
probe may be changed, for example, by less than about 10, 
5, 4, 3, 2 or I nucleotides. 

Consideration of secondary structure may also play a role 
in evaluating hybridization performance of polynucleotide 
probes, especially when high hybridization temperature to 
denature secondary structures may not be applied. If poly- 
nucleotides form secondary structure such as hairpins or 
triple helixes, intramolecular hybridization within poly- 
nucleotides may be energetically and kinetically favorable 
and they may not be available for hybridization to the target 
sequences. See Mitsuhashi, M., J. Clinical Laboratory 
Analysis, supra. 

In some instances, the presence of frequently appearing 
short subsequences may also be a factor for designing 
optimal polynucleotide sequences. For example, if poly- 
nucleotides contain a poly T or poly A stretch, such poly- 
nucleotides may cross-hybridize to poly(A)-mRNA or 
cDNA. If polynucleotides contain TATA-like sequences, 
such polynucleotides may bind to the promoter region of 
various genes. 

A wide range of probe length may be used. Longer probes 
do not necessarily improve their sensitivity, because long 
probes usually exhibit higher Tm than that of actual assay 
conditions, allowing more mismatches. Although shorter 
probes increase the chances of nonspecific appearance of 
such sequences in the target sequences, they may exhibit a 
much higher penalty on mismatches. Therefore, one may 
design optimal probes based on their hybridization 
performance, instead of the length of the probes. In preferred 
embodiments of the present invention, the length of poly- 
nucleotide probes ranges from about 10 to about 100 
nucleotides, preferably from about 10 to about 50 
nucleotides, more preferably from about 15 to about 35 
nucleotides. 

B. Polynucleotide analogs 

An alternative approach to even out base composition 
effects comprises the modification of one or more natural 
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deoxynucleosides (or polynucleotide analogs) which forms 
a base pair whose stability is very close to that of the other 
pair. Polynucleotide analogs include base and sugar phos- 
phate backbone analogs. 

5 Any base analogs that induce a decrease in stability of the 
three G/C hydrogen bonds or an increase in stability of the 
two A/T hydrogen bonds may be used. For example, one can 
substitute 2,6-diamino purine for A, which gives 2-NH 2 A/T 
base pair having a stability similar to that of the G/C base 

10 pair. One may also select C derivatives, in which one 
hydrogen of the exocyclic amino group at position 4 is 
substituted by an alkyl group such as methyl, ethyl, 
n-propyl, allyl or propargyl groups. For example, a G^'C 
base pair has stability similar to that of the A/T base pair. 

is Typically, it may be easier to find a modified G/C base pair 
whose stability is similar to that of an A/T natural base pair 
than to design a modified A/T base pair whose stability is 
close to that of a G/C natural base pair. In addition, prepa- 
ration of polynucleotides containing C analogs may be 

20 simpler than that of polynucleotides built with G analogs 
and modification of only one base pair rather than both may 
simplify the preparation of polynucleotides containing one 
or several modified nucleosides. Analogs that increase base 
slacking energy, such as pyrimidines with a halogen at the 

25 C5 -position (e.g. 5-bromoU, or 5-ChloroU), may also be 
used. One may also use the non-discriminatory base 
analogue, or universal base, such as l-(2-deoxy-0- 
ribfuranosyl)3-nitropyrrole. This class of analogue maxi- 
mizes stacking while minimizing hydrogen-bonding inter- 

30 actions without sterically disrupting a hybridization 
complex. See Nguyen, H., et al., Nucleic Acids Research 
25(15) 3059-3065 (1997) and Nguyen, II., et al., Nucleic 
Acids Research 26(18):4249-4258 (1998), both incorpo- 
rated herein by reference. 

35 The highly charged phosphodiesters in natural nucleic 
acid backbone may be replaced by neutral sugar phosphate 
backbone analogues. The polynucleotide probes with 
uncharged backbones may be more stable, as in these 
analogs, the electrostatic repulsion between nucleic acid 

40 strands is minimized. As an example, phosphotriesters in 
which the oxygen that is normally charged in natural nucleic 
acids is esterified with an alkyl group may be used. 

Another class of backbone analogs is polypeptide nucleic 
acids (PNAs), in which a peptide backbone is used to replace 

45 the phosphodiester backbone. The stability of PNA-DNA 
duplex is essentially salt independent. Thus low salt may be 
used in hybridization procedures to suppress the interference 
caused by stable secondary structures in the target. PNAs are 
capable of forming sequence -specific duplexes that mimic 

50 the properties of double -strand DNA except that the com- 
plexes are completely uncharged. Furthermore, because the 
hybridization stability of PNA-DNA is higher than that of 
DNA-DNA, binding is more specific and single-base mis- 
matches are more readily detectable. See, e.g., Giesen, U. et 

55 al., Nucleic Acids Research 26(21 ):5 004-5006 (1998), 
Good, L., et al., Nature Biotechnology 16:355-358 (1998), 
and Nielsen, P., Current Opinion in Biotechnology 10:71-75 
(1999), all incorporated herein by reference. 
Another option to modulate the hybridization perfor- 

60 mance of polynucleotide probes is the replacement of natu- 
rally occurring nucleic acids have 3-5' phosphodiester link- 
age. Polyribonucleotides with 2'5' linkage which give 
complexes with lower melting temperature than duplexes 
formed by 3 ! -5' polynucleotides with the same sequence 

65 may be employed. See Kierzek, R., et al., Nucleic Acids 
Research 20(7): 1685-1690 (1992), incorporated herein by 
reference. 
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Another method for optimizing hybridization perfor- 
mance is using polynucleotides containing C-7 propyne 
analogs of 7-deaza-2'-deoxyguanosine and 7-deaza-2'- 
deoxyadenosine (Buhr et al., Nucleic Acids Res. 
24:2974-2980 (1996), incorporated herein by reference) or 
C-5 propyne pyrimidines (Wagner et al., Science 
260:151.0-3 (1993), incorporated herein by reference). 
These analogs may be particular useful in gene expression 
analysis. 

C. Hybridization environment 

Hybridization performance of polynucleotide is also 
dependent on the hybridization environment, for example, 
the concentrations of ions and nonaquous solvents. The 
hybridization performance of polynucleotide probes may be 
modulated by changing the dielectric constant and ionic 
strength of the hybridization environment. Salt 
concentrations, such as Na, Li, and Mg, may have an 
important influence on hybridization performance of poly- 
nucleotide probes. 

Reagents that reduce the base composition dependence of 
hybridization performance may be used to alter the hybrid- 
ization environment of array-immobilized polynucleotide 
probes. For example, high concentrations of tetramethylam- 
monium salts (TMAC), N,N,N,-trimethylglycine (Betain) 
may be added to target nucleic acid mixture. At suitable 
concentrations typically at multimolar concentrations, these 
reagents may equalize the Tm of polynucleotides that arc 
pure A/F and those that are pure G/C and thus increase the 
discrimination between perfect matches and mismatches. 
See, Von Hipppel et al., Biochemistry. 3:137-144 (1993), 
incorporated herein by reference. 

Denaturing reagents that lower the melting temperature of 
double stranded nucleic acids by interfering with hydrogen 
bonding between bases may also be used. 

Denaturing agents, which may be used in hybridization 
buffers at suitable concentrations (e.g. at multimolar 
concentrations), include formamide, formaldehyde, DMSO 
("dimelhylsulfoxidc"), tetraethyl acetate, urea, GuSCN, and 
glycerol, among others. 

Chaotropic salts that disrupt van der Waal's attractions 
between atoms in nucleic acid molecules may also be used. 
Chaotropic salts, which may be used in hybridization buffers 
at suitable concentrations (e.g. at multimolar 
concentrations), include, for example, sodium 
trifiuoroacetate, sodium tricholoroacetate, sodium 
perchlorate, guanidine thiocyanate, and potassium 
thiocyanatc, among others. See, Van Ness, J., et al., Nucleic 
Acids Research 1 9(1.9) :5 143-5 151 (1991), incorporated 
herein by reference. 

Renaturation accelerants that increase the speed of rena- 
turation of nucleic acids may also be used. They generally 
have relatively unstructured polymeric domains that weakly 
associate with nucleic acid molecules. Accelerants include 
cationic detergents such as, CTAB 
( u cetyltrimcthylammonium bromide") and DTAB ("dodecyl 
trimetbylammonium bromide"), and, heterogenous nuclear 
ribonucleoprotein ("hnRP") Al, polylysine, spermine, 
spermidine, single stranded binding protein ("SSB"), phage 
T4 gene 32 protein and a mixture of ammonium acetate and 
ethanol, among others. See, Pontius, B., et al., Proc. Natl. 
Acad. Sci. USA 88:82373-^241 (1991), incorporated herein 
by reference. 

One of skill in the art would appreciate that there are 
many other ways to modulate the hybridization performance 
of polynucleotides by changing the hybridization environ- 
ment of polynucleotide probes. One method is changing the 
length of spacer that tethers polynucleotide probe to the 
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array surface. It has been demonstrated that steric factors are 
important in increasing the efficiency of hybridization 
between polynucleotide probes and target nucleic acids. See, 
Southern et al., Nucleic Acids Research, 20(7): 1679-1684 

5 (1992), incorporated herein by reference. Methods for 
reducing non-specific binding to an array by surface modi- 
fications and probe modifications are described in WO 
99/54509, incorporated herein by reference. 
An alternative approach for enhancing the discrimination 

10 between matched and mismatches is applying electric cur- 
rent to polynucleotide probes which destabilize mismatches 
relative to matches. See, e.g., U.S. Pat. No. 5,929,208. 

In some instances, the local concentration of polynucle- 
otide probes or the concentration of target nucleic acids may 

15 be varied lo allow maximum discrimination between 
matches and mismatches. In some instances, local concen- 
trations of polynucleotide probes may be higher than target 
nucleic acids. Such high local DNA probe concentrations 
may generate high local charge densities and promote the 

20 undesirable association of probes that may interfere with 
target binding. High local probe concentration may also 
permit the simultaneous binding of target molecules to 
multiple probes, and may sterically prohibit access of target 
to the probes. If polynucleotide probes are at lower concen- 

25 trations compared with the target sequence, the kinetics and 
thermodynamics of the hybridization may also be affected. 
See, Cantor and Smith, supra. 

The polynucleotide probe set may also include control 
probes. One class of control probes is the mismatch probes. 

30 A mismatched probe is a probe whose sequence is deliber- 
ately selected not to be perfectly complementary to a refer- 
ence sequence. In other words, mismatch probes are probes 
identical to their corresponding perfectly complementary 
probes except the presence of one or more mismatched 

35 bases. Therefore, under suitable hybridization conditions, 
the perfectly matched would be expected to hybridize with 
its target sequence, but mismatch probes would not hybrid- 
ize or would hybridize to a significantly lesser extent, thus 
providing a control for non-specific binding or cross- 

40 hybridization. Although one or more mismatches may be 
located anywhere in the mismatch probe, probes are often 
designed to have the mismatch locale at or near the center of 
the probe such that the mismatch is most likely to destabilize 
the hybridization complex with the target sequence. In 

45 addition, the mismatch site is typically not the location of the 
sequence variation to be determined, but is within several 
nucleotides (e.g., less than 5) on the 5* or 3' side of the 
sequence variation location. For example, a probe set for a 
known biallelic SNP may contain two groups of mismatch 

50 probes based on two reference sequences constituting the 
respective polymorphic forms. Each group of mismatch 
probes may include at least two sets of probes, which each 
set contains a series of probes with a mismatch at one 
nucleotide 5' and 3' to the polymorphic site. 

55 Control probes may also include normalization probes. 
Normalization probes are those perfectly complementary to 
a known polynucleotide sequence that is added to the target 
nucleic acids. Normalization probes provide a control for 
variation in hybridization condition, signal intensity, and 

60 other factors that may cause the signal of a perfect hybrid- 
ization to vary between arrays. Normalization probes may be 
located throughout the array to control for spatial variation 
in hybridization intensity. For example, they may be located 
at the corners, edges or middle of the array. 

65 The number of polynucleotide probes tor a sequence 
variation or a gene expression may vary depending on the 
nature of sequence variation, gene expression, and level of 
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resolution desired. Ai least about 2, 5, 10, 20, or 50 poly- Background signals typically contribute to the observed 

nucleotide probes may be employed for each sequence hybridization intensity. The background signal intensity 

variation or each gene. Each probe in both sequence varia- refers to hybridization signals resulting from non-specific 

tion determination and gene profiling may be about 10 to binding, or other interactions, e.g., between amplified 

100 nucleotides long, e.g. shorter than about 20, 30, 40, 50, 5 nucleic acids and array surface. Background signals may 

60, 70, 80, or 90 nucleotides long. In the case of overlapping also be produced by the array component itself. A single 

polynucleotides probes, the overlap may be about 1 to 50 background signal may be calculated for an array or a 

bases, preferably below 30, 20, 10, or 5 bases. different background signal may be calculated for each 

V. Hybridization Conditions and Signal Processing sequence variation or each gene expression analysis. For 

The hybridization can take place in the same reaction site io example, background may be calculated as the average 

or well as the amplification reactions. Generally, incubation hybridization signal intensity for the lowest 5% to 10% of 

may be at temperatures normally used for hybridization of the probes in the array, or where a different background 

nucleic acids, for example, between about 20° C. and about signal is calculated for each sequence variation or gene, for 

75° C, e. g., above about 30° C. 40° C, 50° C, 60° C, or the lowest 5% to 10% of the probes for each sequence 

70° C. The amplified nucleic acid may be incubated with the 15 variation or gene. Background signal may also be calculated 

array for a time sufficient to allow the desired level of as the average hybridization signal intensity produced by 

hybridization between the amplified product and any hybridization to probes that are not complementary to any 

complementary probes in the array, usually in about 10 sequence found in the sample (e.g. probes directed to nucleic 

minutes to several hours. But it may be desirable to hybrid- acids of the opposite sense or to genes not found in the 

izc longer. After incubation with the hybridization mixture, 20 sample). Background may also be calculated as the average 

the array is usually washed with the hybridization buffer, signal intensity produced by regions of the array that lack 

thus removing unhybridized molecules. This leaves only any probes at all. Preferably the difference in hybridization 

hybridized target molecules. Then the array may be exam- signal intensity between each probe and its control probes is 

ined to identify the polynucleotide probes to which the detectable, e.g. greater than about 10%, 20%, or 50% of the 

amplified product has hybridized. 25 background signal intensity. In some instances, only those 

Suitable hybridization conditions may be determined by probes where difference between the probe and its control 
optimization procedures or experimental studies. Such pro- probes exceeds a threshold hybridization intensity (e.g. 
cedures and studies are routinely conducted by those skilled preferably greater than 10%, 20%, or 50% of the back- 
in the art. See e.g., Ausubel et al., Current Protocols in ground signal intensity) are selected. Thus, only probes that 
Molecular Biology, Vol 1-2, John Wiley & Sons (1989) and 30 show a strong signal compared to their control probes are 
Sambrook et al., Molecular Cloning A Laboratory Manual, selected. 

2nd Ed., Vols. 1-3, Cold Springs Harbor Press (1989). For The identity of each sequence variation may be estimated 

example, hybridization and washing conditions may be using known methods in the art. If the target is present, the 

selected to detect substantially perfect matches. They may perfectly matched probes should have consistently higher 

also be selected to allow discrimination of perfect matches 35 hybridization intensity than the mismatched probes, 

and one base pair mismatches. They may also be selected to Therefore, in sequence variation determinations, one of the 

permit the detection of large amounts of mismatches. As an four A, T, C, G substituted probes may have a significantly 

example, the wash may be performed at the highest strin- higher signal than the other three. A comparison of the 

gency that produces results and that provides a signal intensities of four corresponding probes may reveal the 

intensity greater than approximately 10% of the background 40 identity of one sequence variation in the target sequence. For 

intensity. example, the highest intensity probe may be compared to the 

The hybridization intensities indicating the hybridization second highest intensity probe. The ratio of the intensities 

extent between the amplified nucleic acid and polynucle- may be compared to a predetermined ratio cutoff, which is 

otide probes may be determined and compared. The differ- a number that specifies the ratio required to identify a 

ences in hybridization intensities are evaluated. One of 45 sequence variation. For example, if the ratio cutoff is 1.2, a 

skilled in the art will appreciate that methods lor evaluating ratio of 1.4 is greater than the cutoff and the sequence 

the hybridization results vary with the nature of probes, variation may be determined. Of course, ratio cutoff may be 

sequence variations, gene expressions, and labeling meth- adjusted to produce optimal results for a specific array and 

ods. For example, quantification of the fluorescence inten- lor a specific sequence variation. 

sity is accomplished by measuring probe signal strength at 50 In addition to comparing to mismatch probes, the hybrid- 
locations where probes are present. Comparison of the ization intensity may be compared to other control probes, 
absolute intensity of array-immobilized polynucleotide such as normalization probes. For example, probe intensity 
probes hybridized to amplified nucleic acids with intensities of amplified nucleic acid may be compared to that of a 
produced by control probes provides a measure of the known sequence. Any significant changes may indicate the 
sequence variations or the relative expression of the genes. 55 presence or absence of a sequence variation. Statistical 
Quantification of the hybridization signal can be by any method may also be used to analyze hybridization intensities 
means known to one of skill in the art. For example, in determining sequence variations or gene expression lev- 
quantification may be achieved by the use of a confocal els. For example, mismatch probe intensities may be aver- 
fluorescence microscope. The methods of measuring and aged. Means and standard deviations may be calculated and 
analyzing hybridization intensities may be performed uti- 60 used in determining sequence variations and profiling gene 
lizing a computer. The computer program typically runs a expressions. Complex data processing and comparative 
software program that includes computer code for analyzing analysis may be found in EP 717 113 A2 and WO 97/10365, 
hybridization intensities measured. Signals may be evalu- both incorporated herein by reference, 
ated by calculating the difference in hybridization signal VI. Target Nucleic Acid Preparation and Reactant Labeling 
intensity between each polynucleotide probe, its related 65 It will be appreciated by one of skill in the art that the 
probes, and control probes. The differences can be evaluated reactioas using the instant invention may be monitored or 
for each sequence variation or each gene. quantitated by directly or indirectly labeling reactants, reac- 
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lion intermediates, or reaction products with detectable As used herein, the terms "polynucleotide" and "nucleic 

labels, prior to, during, or after the initiation of reactions. acid" refer to naturally occurring polynucleotides, e.g. DNA 

Detectable labels suitable for use in the present invention or RNA. This term also refers to analogs of naturally 

include any composition detectable by spectroscopic, occurring polynucleotides. The polynucleotide may be 

photochemical, biochemical, immunochemical, electrical, 5 double stranded or single stranded. This term is used without 

optical or chemical means. Useful polynucleotide labels in referring to a specific length. The polynucleotides may be 

the present invention include biotin for staining with labeled labeled with radiolabels, fluorescent labels, enzymatic 

streptavidin conjugate, magnetic beads (e.g., Dynabeads™), labels, proteins, haptens, antibodies, sequence tags, 

fluorescent molecules (e.g., fluorescein, texas red, As used herein, the term " polynucleotide amplification 

rhodamine, green fluorescent protein, FAM, JOE, TAMRA, jo reaction" refers to a broad range of techniques for increasing 

ROX, HEX, TET, Cy3, C3.5, Cy5, Cy5.5, IRD41, BOD1PY the number of copies of specilic polynucleotide sequences, 

and the like), radiolabels (e.g., 3 H, 251 1, 35 S, 34 S, 14 C, 32 P, or Typically, amplification of either or both strand of the target 

33 P), enzymes (e.g., horse radish peroxidase, alkaline phos- nucleic acid comprises the use of one or more nucleic 

phatase and others commonly used in an ELISA), calori- acid-modifying enzymes, such as a DNA polymerase, a 

metric labels such as colloidal gold or colored glass or 15 ligase, an RNA polymerase, or an RNA-dependent reverse 

plastic (e.g., polystyrene, polypropylene, latex, etc.) beads, transcriptase. Examples of polynucleotide amplification 

mono and polyfunctional intercalator compounds. Means of reaction include, but not limited to, polymerase chain reac- 

detecting such labels are well known to those of skill in the tion (PCR), nucleic acid sequence based amplification 

an. For example, radiolabels may be detected using photo- (NASB), self-sustained sequence replication (3SR), strand 

graphic film or scintillation counters, fluorescent markers 20 displacement activation (SD A), ligase chain reaction (LCR), 

may be detected using a photodetector to detect emitted QP replicase system, and the like. 

light. Enzymatic labels are typically detected by providing As used herein, the term "polypeptide" refers to a polymer 

the enzyme with a substrate and detecting the reaction of amino acids without referring to a specific length. This 

product produced by the action of the enzyme on the term includes naturally occurring protein. The term also 

substrate, and calorimetric labels are detected by simply 25 refers to modifications, analogues and functional mimetics 

visualizing the colored label. thereof. For example, modifications of the polypeptide may 

Any nucleic acid specimen, in purified or non-purified include glycosylations, acetylations, phosphorylations, and 

form, can be utilized as the target sequence nucleic acid. The the like. Analogues of polypeptide include unnatural amino 

amplification reaction may amplify, for example, DNA or acid, substituted linkage, etc. Polypeptides may be labeled 

RNA, including mRNA, wherein DNA or RNA may be 30 with radiolabels, fluorescent labels, enzymatic labels, 

single stranded or double stranded. In the event that RNA is proteins, haptens, antibodies, sequence tags, 

to be used as a template, enzymes and conditions optimal for As used herein, the term "polynucleotide" refer to natu- 

reverse transcribing RNA to DNA may be utilized. In rally occurring polynucleotide, e.g. DNA or RNA. This term 

addition, a DNA-RNA hybrid which contains one strand of does not refer to a specific length. Thus, this term includes 

each may be utilized. A mixture of nucleic acids may also be 35 oligonucleotide, primer, probe, gene, nucleic acid, etc. This 

employed, or the nucleic acids produced in a previous term also refer to analogs of naturally occurring polynucle- 

amplification reactions. otides. Polynucleotides may be double stranded or single 

The target nucleic acids may be prepared from human, stranded. Polynucleotides may be labeled with radiolabels, 

animal, viral, bacterial, fungal, or plant sources using known fluorescent labels, enzymatic labels, proteins, haptens, 

methods in the art. For example, target sample may be 40 antibodies, sequence tags, etc. 

obtained from an individual being analyzed. For assay of As used herein, the term "primer" refers to a 

genomic DNA, virtually any biological sample is suitable. polynucleotide, which is capable of annealing to a comple- 

For example, convenient tissue samples include whole raentary template nucleic acid and serving as a point of 

blood, semen, saliva, tears, urine, fecal material, sweat, initiation for template-directed nucleic acid synthesis, such 

buccal, skin and hair. For assay of cDNA or mRNA, the 45 as a polynucleotide amplification reaction. A primer need 

tissue sample must be obtained from an organ in which the not reflect the exact sequence of the template but must be 

target nucleic acid is expressed. For example, if the target sufficiently complementary to hybridize with a template, 

nucleic acid is a cytochrome P450, the liver is a suitable Typically, a primer will include a free hydroxyl group at the 

source. The target nucleic acids may also be obtained from 3 ! end. The appropriate length of a primer depends on the 

other appropriate source, such as nuclear RNA, rRNA, 50 intended use of the primer but typically ranges from 12 to 40 

tRNA, M 13, plasmid or lambda vectors, and cosmid or YAC nucleotides preferably from 15 to 40, most preferably from 

inserts. The target may be preferably fragmented before 20 to 40 nucleotides. The term primer pair (e.g., forward and 

application to the array to reduce or eliminate the formation reverse primers) usually means a set of primers including a 

of secondary structures in the target. The fragmentation may 5' upstream primer that hybridizes with the 5' end of the 

be performed using a number of methods, including 55 target sequence to be amplified and a 3\ downstream primer 

enzymatic, chemical, thermal cleavage or degradation. For that hybridizes with the complement of the 3' end of the 

example, fragmentation may be accomplished by heat/Mg 2+ target sequence to be amplified. 

treatment, endonuclease (e.g., DNAase 1) treatment, restric- As used herein, the term "probe" refers to a polynucle- 

tion enzyme digestion, shearing (e.g., by ultrasound) or otide of any suitable length which allows specilic hybrid- 

NaOH treatment. Examples of target nucleic acid prepara- 60 ization to a polynucleotide. Probes may be attached to a 

tion are described in e.g., WO 97/10365, incorporated herein label or reporter molecule. Typically, probes are at least 

by reference. about 10 nucleotides long. 

Definitions As used herein, the term "reactant" refers to any compo- 
As used herein, the term "tinker" refers to an anchoring nent of a non-unimolecular reaction. A reactant may be a 
group that serves to anchor or tether a molecule to a solid 65 chemically or biologically reactive substance in a reaction, 
support during solid phase synthesis. The linker is some- As used herein, the term "sequence variation" of a poly- 
times the point of cleavage following synthesis. nucleotide encompasses all forms of polymorphism, muta- 
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tions and haplotypes. A sequence variation may range from A flame-dried, 250 raL round bottom flask was charged, 

a single nucleotide variation to the insertion, modification, under argon, with 2 (10 g, 39.6 mmol) and this was dissolved 

or deletion of more than one nucleotide. A sequence varia- in 50 mL of anhydrous pyridine and the flask was protected 

tion may be located at the exon, intron, or regulatory region from light. To this solution was added acetic anhydride (9.3 

of a gene. 5 mL, 98.8 mmol) dropwise at a rate of 0.5 mL/minute. The 

Polymorphism refers to the occurrence of two or more solution was stirred at room temperature for 30 minutes at 

genetically determined alternative sequences or alleles in a which time all of the starting material had been consumed, 

population. A biallelic polymorphism has two forms. A The solvent was evaporated with reduced pressure and then 

triallelic polymorphism has three forms. A polymorphic site toluene was added to remove excess pyridine. Evaporation 

is the locus at which sequence divergence occurs. Diploid io of the solvent in vacuo gave 11.5 g (99%) of 3 as an 

organisms may be homozygous or heterozygous for allelic off- white solid. R y =0.74 (33% ethyl acetate/hexane). Mp 

forms. Polymorphic sites have at least two alleles, each 74.0-75.0° C. 1 H NMR (400 MHz, DMSO-d6): 69.83 (s, 1), 

occurring at frequency of greater than 1% of a selected 7.53 (dd, J=1.6 Hz, 8.4 Hz, 1), 7.39 (d, J-2.0 Hz, 1),), 7.17 

population. Polymorphic sites also include restriction irag- (d, J =8.4 Hz, 1), 4.07 (I, J=6.4 Hz, 2), 4.00 (pi, J=6.4 Hz, 6.8 

ment length polymorphisms, variable number of tandem 15 Hz, 2), 3.83 (s, 3), 2.00 (s, 3) 1.74 (m, 2), 1.58 (m, 2), 

repeats (VNTR's), hypervariable regions, minisatellites, 1.4-1.35 (m, 4) ppm. 

dinucleotide repeats, trinucleotide repeats, tetra nucleotide 6-(4-Formyl-2-methoxy-5-nitrophenoxy)bexyl acetate (4). 

repeats, simple sequence repeats, and insertion elements. A 250 mL round bottom flask was charged with 3 (10 g, 

The allelic form occurring most frequently in a selected 34 mmol) and was then placed in an ice bath. To this was 

population is sometimes referred to as the wild type form or 20 added a 20% v/v solution of fuming nitric acid in acetic acid 

the consensus sequence. (40 mL total volume) at a rate of 1.0 mL/minute with 

Mutations include deletions, insertions and point muta- stirring. At the end of addition the bath was removed, the 

tions in the coding and noncoding regions. Deletions may be reaction was protected from light, and stirred at room 

of the entire gene or of only a portion of the gene. Point temperature for 4 hours. At this lime the solution was poured 

mutations may result in stop codons, frameshift mutations or 25 over crushed ice (200 mg). Water was added and the product 

amino acid substitutions. Somatic mutations are those which was extracted with ethyl acetate (3x200 raL). The combined 

occur only in certain tissues, such as liver, heart, etc and are organics were washed with brine (1x200 mL), saturated 

not inherited in the germline. Germline mutations can be sodium bicarbonate (1x200 mL), and water (1x200 mL), 

found in any cell of a body and are inherited. dried over magnesium sulfate, and filtered. The solvent was 

A haplotype refers to the combination of sequence varia- 3Q evaporated in vacuo to give 10.6 g of 4 (92%) as an 

tions that co-exist on a chromosome. orange-red solid. fy=0.80 (33% ethyl acetate/hexane). Mp 

The term "subsequence" refers to a polynucleotide 79.8-81.5° C. 1 H NMR (400 MHz, DMSO-d 6 ): 67.69 (s, 1), 

sequence that comprises a part of a longer polynucleotide 7.37 (s,l), 4.17 (pt, J=6.4, 6.8 Hz, 2), 4.0 (t, J«=6.8 Hz, 2), 

sequence. 3.95 (s,3), 1.99 (s, 3), 1.77 (m, 2), 1.59 (m, 2), 1.45-1.37 (m, 

35 4) ppm. 

Examples of the Preferred Embodiments 6-(4-Hydroxymethyl-2-methoxy-5-nitrophenoxy)hcxyl 

The following examples further illustrate the present acetate (5) 

invention. These examples are intended merely to be illus- A flame-dried, 250 mL round bottom flask was charged, 

trative of the present invention and are not to be construed under ar g°n, wilh 4 ( 8 & 23 6 mrao 0 and lhis was suspended 

as being limiting. 40 * n 35 mL of anhydrous ethanol. The flask was protected from 

light and then placed in an ice bath. Sodium borohydride 

EXAMPLE 1 (2.06 g, 54.3 mmol) was added in small portions and the 

Synthesis of DMT-protected o-nitrobenzyl Amidite reaction was allowed to stir at 0° C. for 180 minutes. At this 

A schematic illustration of DMT-protected o-nitrobenzyl time, saturated ammonium chloride (30 mL) was added 

amidite synthesis is shown in FIG. 7. 45 slowly to the reaction mixture over a period of 20 minutes 

6-(4-Formyl-2-methoxyphenoxy)hexan-l-ol (2) to minimize the gas evolution. Ethanol was evaporated in 

A flame-dried, 100 mL round bottom flask equipped with vacuo and the mixture was diluted with water (100 ml) and 

a claisen arm and reflux condenser was charged, under extracted with dichloromethane (3x100 mL). The combined 

argon, with vanillin (1, 1.0 g, 6.6 mmol), tetrabutylammo- organic layers were dried with magnesium sulfate, filtered, 

nium iodide (369 mg, 1 mmol), and potassium carbonate 50 and the solvent was evaporated in vacuo to give orange oil. 

(1.38 g, 10 mmol). These were suspended in 10 mL of This oil was subjected to column chromatography (Si0 2 , 

anhydrous acetonitrile and then 6-chlorohexanol (1.05 ml, 75x200 mm, 1% trie thy lamine in dichloromethane) to give, 

7.9 mmol) was added dropwise. The reaction was protected following solvent evaporation, 7.25 g (90%) of 5 as a yellow 

from light and refluxed for 15 hours at which time TLC solid. R^O.30 (33%- ethyl acetate/hexane). Mp >220° C. 3 H 

analysis showed complete consumption of Ibe starting mate- 55 NMR (400 MHz, DMSO-d e ): 57.67 (s, 1), 7.38 (s, 1), 5.55 

rial. The solvent was evaporated in vacuo and the residue (t, J=6.4 Hz, 1), 4.81 (d, J=6.4 Hz, 2), 4.04 (t, J=7.2 Hz, 2), 

was then dissolved in 50 mL of ethyl acetate and extracted 4.00 (t, J=7.6 Hz, 2), 3.91 (s, 3), 1.99 (s, 3), 1.76-1.72 (m, 

with water (2x100 mL), brine (1x100 mL), and water 2), 1.61-1.57 (m, 2), 1.45-1.37 (m, 4) ppm. 

(1x100 mL). The organic layer was dried over magnesium 6-[4-(4,4 ? -Diroethoxytrityloxymethyl)-2-methoxy-5- 

sulfate, filtered, and the solvent was evaporated in vacuo to 60 nitrophenoxy)hexan-l-ol (7). 

give 1.5 g (90%) of 2 as a white solid. R^O.29 (33% ethyl A flame -dried, 250 mL round bottom flask was charged, 

acetate/hexane). Mp 55.0-56.0° C. *H NMR (400 MHz, under argon, with 5 (5 g, 14.7 mmol) and this was dissolved 

DMSO-d6): 69.83 (s, 1), 7.53 (dd, J=2.0 Hz, 8.0 Hz, 1), 7.39 in 45 mL of anhydrous pyridine. The flask was protected 

(d,J=2.0Hz, i),7.17(d,J«8.4Hz, 1), 4.36 (t, J=5.2 Hz, 1), from light and 4,4 ! -dirncihoxytrityl chloride (7.4 g, 22 

4.07 (pt, J=2.4 Hz, 2.8 Hz, 2), 3.83 (s, 3), 3.39 (dd, J =5. 6 Hz, 65 mmol) was added in one portion. The solution was stirred at 

11.6 Hz, 2), 1.75 (m, 2), 1.45-1.34 (m, 6) ppm. room temperature for 18 hours. Toluene was then added to 

6-(4-Formyl-2-methoxyphenoxy)hexyl acetate (3). the reaction flask and the solvent was evaporated in vacuo to 
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give an oil. This process of toluene addition/evaporation was 139.3, 137.9, 136.0, 130.4, 130.1, 129.4, 128.7, 128.6, 

repeated twice and then water was added to the flask to 128.1, 127.4, 125.8, 119.5, 113.9, 113.3, 110.6, 109.5,87.1, 

remove the last trace of organic solvents. The residue was 69.2,63.6,63.4,63.1,58.9,58.7,58.6,56.6,55.6,55.4,50.9, 

dissolved in 400 mL of ethyl acetate and water extractions 50.7,43.1,42.9,31.2,31.1,29.0,25.6,25.5,25.0,24.9,24.8, 
(3x150 mL) were performed. The organic layer was dried 5 21.6, 20.4 ppm. 
over magnesium sulfate, filtered, and the solvent was evapo- EXAMPl E 7 

rated in vacuo to give 6 as a yellow oil. This was taken to n . . ... c • ~ * ' n7_ f _i_„.Ki~ r :«k . 

., • iT n . • i • « Polynucleotide Synthesis oil of a Photocleavable Linker 

the next step wnbout further maoiHanon R r CL68 (33% Xm m0 alkylated controlled-pore glass resin was treated 

a ft , if H T R r £E V h ,? fw ^th a 20% v/v solution of piperidine in anhydrous dimetb- 

67.60 (s, 1), 7.45-7.24 (m, 10), 6.90 (d, J=8.4 Hz, 4), 4.50 10 lf ., /T ^ KjrT ^ . . 4 f ,a ■ , 

/ ~>\ a \\A f. i n ~> u \\ ^ t I o ->\ me -»\ ylformamide (DMF) at room temperature for 30 minutes. 

1%?; « ( 'coi M^V" 7 ^ ^ i \ « o ' Next, the resin was washed in anhydrous DMF and a 0.1 M 

3.73 (s 6) 1.99 (s, 3), 1.76-1.72 (m, 2), 1.61-1.57 (m, 2), soluiion of N ^ 9 . fluorenvlmelhoxycar5onyl) . 0 .trityl-L- 

Afl i ! ? wJ" i iu n i u i homoserine (Fmoc-HoSer(Trt)-OH) in anhydrous DMF 

A flame-dried, 250 ml round bottom flask was charged , . . n , XA NT r/ \ , . \ 1U n \ . . , VA c 

. . , . « . ,. , . . f r . , & containing 0.1 M N-[(dimethvlamino)-lH-l,2,3-triazol[4,5- 

with 6 and this was dissolved in 100 mL of anhydrous 15 , n ■ ,• , i ,u xi ~„.u..i~„,i 

., i n i « /• .... t « blpyridin-l-ylmethylenel-N-methvlmetnanaminium 

methanol. The flask was protected from light and then . n u u . xt /ITAT it\ jn^x* u j 

. , , 0 r i\ j j i ■ hexafiuorophosphate N-oxide (HATU) and 0.2 M anhydrous 

potassium carbonate (2.6 g, 18.6 mmol) was added in one ... f ., \ mir . . ' , , , , • , 

r _ • , c dusopropylethylaniine (DIEA) was introduced and allowed 

portion. The reaction was continued at room temperature for . r , y . , , ' . .„„ n. 

■ . i • « | - . * . . to react for 30 minutes at room temperature. Hie resin was 
30 minutes at which time LLC analysis showed complete . , ... , . e . . . . . 

f . .. -it, . . treated with a 20% v/v solution of piperidine in anhydrous 

coasumption of the starting material. The solvent was 20 ~. . ^ c i c r? tu 

\ . . . . - « ., ,. . , . DMF for 15 minutes to remove the Fmoc group. The resin 

evaporated in vacuo and the residue was then dissolved m . . . . , ™,r- j »u • . i -.u ocw 

. . - . ... was washed in anhydrous DMF and then treated with a 2.*)% 

600 mLoi dichloro me thane and extractions performed win , ... r . , ., - . ,. F . 

> Arxrx r\ t-u -i /-j vA' solution of acetic anhvdride in pvndine for 30 minutes, 

water (3x400 mL). The organic layer was dried over mag- . * , ... < i f 

. v lf , ? . / . & The resin was then treated with a 3% w/v solution of 

nesium sulfate, tillered, and the solvent evaporated in vacuo .... .. . . , m r ^A\ 

..' .. ' . .. . . i . trichloroacetic acid (1CA) m die hlorome thane (DCM) for 

to give a yellow oil. lhis oil was subjected to column 2s 1A . . . V, /. , . . . f- 

. to . 17 . nc ^ 0 . • .u i • • minutes to remove the trityl group and give a terminal 

chromatography (SiO», 75x200 mm, 1% tnethylamme in , , . . . . a q 

, , v\ ■ 'u r ii • , . hydroxyl group to couple to compound 8. 

dichloromethane) to yield, following solvent evaporation, * % 0 . v r . f . . ^ • 

6.6 g (75%. 2 steps) of 7 as a waxy yellow solid Vo.40 Coupling of 8 to the homosenne denva. Z ed resm was 

(33% ethyl ace.ate./hexane). 'H NMR (400 MHz, dW \ t T m "IT ' 

\ \ sin / i\ -i ac -i*%a i ia\ a \tx /a t o a it a\ (5-ethvlthiotetrazole was used as the activator). Following 
d*): 07.60 (s, 1), 7.45-7.24 (m, 10), 6.90 (d, J=8.4 Hz, 4), 30 ^ nikjrr , . , f /, ™^ A K % 

a ic /. i ao c \ o\ iro/ , t * a to ii Vi\ ^ n r / ^( benzyhc DMT removal, a mixed sequence of 3 -CTC AAC 
4.35 (t, J=4.8, 5.2, 2), 4.03 (pt, J=6.4, 6.8 Hz, 2), 3.9.*> (s, 3), . A _ ~ n /ccr . m . v • 

a-n / ^ ^-7^ IT. / 4\ i oc 1 no / T\ i J « CCG AAT CTC CG-5* (SEQ. ID. No. 1) was synthesized in 

3.73 (s, 6), 3.73-3.71 (m, 2), 1.95-1.98 (m, 2), 1.44-1.36 4l _ , , r v ~e*\ i i ** *u i 

/ A 13^. mf n /m« WTI J.A ,\ ^ - rn , the standard fashion on a 200 nmol scale. At the completion 

(m, 6) ppm. JJ C NMR (100 MHz, DMSO-d rt ): 5158.6, f ., . , .. . . . , ... 

153.9, 146.9, 145.1, 139.1, 135.8, 130.3-127.3 m), 113.8, of , s = m f thes,s ' ,he resi " ™ '^ a,ed , ™* „ aqU ~" S 
113.2, 110.4, 109.3,87.0,69.1,63.0,61.0,56.4, 55 5,32.9 35 f 01 " 1 , 1011 of a ! nmonia m ^ t0 deprotect the phosphate 

9g 9 05 7 25 6 m backbone and remove the heterocyclic protecting groups. 

1 ta7a W~r^- . t .i_ i\ iL r No polvnucleotide was detected in the eluent of these 

6-1 4-(4,4 -Dimethoxytntyloxymethyl)-2-methoxy-5- , . *. , .. A f#u . , ^ j„i 

. L v . v , / * rt ' J/ ,v xt deprotection solutions. A portion of the resin was suspended 

tntrophenoxy) hexyloxy.l-0-[0-(2-cyanoethyl)-N,N. " MQ water and subjected to photolysis. Using a 

d,^propylphosphora ml d.te (8). converled lith ography system, we delivered 16 mW/cnf- 
A tlame-dned, 250 ml round bottom flask was charged 40 , , * / J . . e . . ! ^ n • 

. . _ «n mi . . .ac (measured at 365 nm) of light for approximately 20 minutes, 

with 7 (6 g, 11.6 mmol). The system was protected from \„ c ... \ % .. , J t , 

. . \ to ' . . / • « V . i . ■ Cleavage of this polynucleotide from the resin gives a 

light and evacuated under reduced pressure tor at least six ■ , . • . j i i. u u u . i »u * 

. & . , C11 , r ... , _ 3 -phosphate-terminated sample. It should be noted that no 

hours, llie system was back-filled with argon and 7 was • , c .* * i /• a w ^ ~ 

..... » r u i «. « . , special purmcation was attempted (i.e. desalting column, 

dissolved in 50 mL of anhydrous dichloromethane. The IJm ^ . \ a ^■ , f «u i 

... . . • , j** ... HPLC, etc). An aliquot of the aqueous solution was then 

system was placed in an ice bath and then dusopropylethy- 45 . . , . .,, , t . • 0 •„ T , 

i ■ tttx i ea i\ »j j r it j u t subjected to capillary electrophoresis. Capillary clectro- 

lamine (10 mL, 58 mmol) was added followed by slow , J . - a * T) , „ n/Arccfw-in«,M am 

« • . . c 7 « • . xt xi phoresis was carried out on a Beckman P/ACb 5OU0 system, 

addition of 2-cy a nocthyl -N,N- ^ . . . . , . . . . . . - 7 ' 7C 

... . , . , . . ... o r 1N Samples were injected elect rokinetically onto a 37 cmx75 

dusopropy chlorophosphoramtchte (3 8 mL, 17.4 mmol) J&w ' ^ polyacrylamide 

The ice bath was then removed and the reaction stirred at , r-,, , , - a * t\ t\r a *u 

e j. « » . gel filled column. Separation was done at 9 kv and the 

room temperature for 60 minutes. At this time, the reaction 50 b . . ^ / rr . . . lIO n uui 

, , , ... . r i r l i T*. separation buffer used was Tns-borate pH 8.0 with 1M urea. 

was quenched via the addition of 30 mL of methanol. I ne . . . . _ ir , 0 , ..r. ^ ■ „,„ 

. M . ... ... . . The result is shown in FIG. 8. In addition, the sample was 

solvents were evaporated in vacuo and the residue was . . . , ... . . , e T J-.. r T 

a * . ». , « . . . . , ... . . mixed with an authentic sample purchased from ID1, Inc 

dissolved in dichloromethane and extracted with saturated /0 .... TA , , . . r fi x . . . 

,. ... ■ v r~ i (Coralville, I A, standard desalting purification) and sub- 
sodium bicarbonate (1x300 mL). fhe organic layer was > , . . JL . . /nT _ A \ a u • a *u 
... . lf . , , 4 . i 4 jected to CE analysis (FIG. 9). As can be seen in FIG. 9, the 
dried over magnesium sullate, liltered, and the solvent 55 J . . ... ' . r . , c . 

. , . & . .. -, • -. polynucleotides prepared from the resin terminated in 8 is as 

evaporated in vacuo to give an orange-yellow oil. Hus oil r 3 . « * . . 

v . . , . , . . i. ,c ^ pure as that obtained commercially, 

was subjected, to column chromatography (Si0 2 , 7^x200 r J 

mm, 1 % triethylamine in dichloromethane) to yield, follow- EXAMPLE 3 

ing solvent evaporation, 3.2 g (40%) of 8 as a faint orange Preparation of Surface Derivatized Arrays 

oil. R^JO (33% ethyl acetate/hexane). 3 H NMR (400 60 Glass slides were cleaned by sonication in a 2% solution 

MHz, DMS0-d 6 ): 67.60 (s, 1), 7.42-7.46 (m, 3), 7.21-7.37 of Micro 90 in Mill-Q water for 60 minutes at room 

(m, 7), 6.9 (d, J=8.4 Hz, 4), 4.50 (s, 2), 4.03 (t, J =6.4 Hz, temperature. The slides were then rinsed excessively with 

2), 3.95 (s, 3), 3.73 (s, 6), 3.71-3.73 (m, 2), 3.52-3.6 (m, 6), Milli-Q water and dried down with nitrogen. Next, the slides 

2.74 (t, J=6.0 Hz, 2), 2.44 (m, 2), 1.75-1.72 (m, 2), were exposed to an RF oxygen plasma (Plasmline421,Tegal, 
1.58-1 .55 (m, 2), 1 .41-1 .39 (m, 2), 1 .18-1.10 (m, 12) ppm. 65 Novato, Calif.) for 60 minutes at 1 50 watts, 0.4 Torr, and 3.5 
31 P NMR (162 MHz, DMSO-d 6 ): 6148.9, 147.1 ppm. 13 C cc/min flow rate (Brzoska el al., Nature 360:719-721 
NMR (100 MHz, DMSO-d 6 ): 6158.8, 154.1, 147.1, 145.2, (1992). The slides were further washed for 10* in a perox- 
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ysulfuric acid solution (70% H 2 S0 4 :15%H^0 : ,, VWR, San and then washed twice with acetonitrile. Any uncoupled 

Francisco, Calif.). amines were acylated by treatment with a 25% v/v solution 

Immediately after oxygen plasma treatment, the slides of acetic anhydride in pyridine for 1.5 minutes. Following 

were silanated with a 0.4% solution of DMT removal via treatment of the surfaces with a 3% w/v 

4-aminobutyldimethylmethoxysilane (ABS) (United 5 solution of trichloroacetic acid (TCA) in dichloromethane 

Chemical Technologies, Bristol, Pa.) in anhydrous toluene (DCM), compound 8 was coupled in some of the derivatized 

(Aldrich, Milwaukee, Wis.) in a glove box under argon for sites to the surface-bound terminal hydroxy Is using standard 

72 hours. The slides were then washed in anhydrous toluene phosphoramidite chemistry. In other derivatized sites, 

with sonication for 15 minutes then rinsed in 95% ethanol dT-CE phosphoramidite was coupled to serve as non- 

( Aldrich) with. sonication for 15 minutes. After drying each photolyzable controls. In every hydrophilic site, the follow- 

slide under nitrogen, the slides were cured for 30 minutes at ing polynucleotide was prepared using standard phosphora- 

120° C in an air oven. midite chemistry: 3'-GCA TGC AXG CAT GCA-5' (SEQ. 

Next, slides were coated with 3.5 micron layer of a ID. No. 2). Then, Cy3-phosphora midite (Glen Research, 

positive photoresist (Microposit 1818; Shipley, Sterling, Va.) was coupled to every other derivatized site to 

Marlborough, Mass.) by spin coating phoioresist (3.4 mis) at provide a detectable, fluorescent end-label. The substrate- 

1250 rpm for 30 seconds. After spin coating, the pho tores Lst * bound polynucleotides were then deprotected using a 1:1 v/v 

was soft baked for 30 minutes at 90° C. in an air oven. Next, solution of ethylenediamine in ethanol. 
the slides were photomasked by placing each slide onto a After dicing the substrate into V'xT chips, a chamber 

chromium mask (Image Technology, Palo Alto, Calif.) that assembly was made for the photolysis studies. Briefly, two 

had round features with each feature being 1 mm in diameter chips (one derivatized, one blank) were placed with the 

with center to center spacing of 2.0 mm with the photoresist *" patterned surface facing inwards and separated by a silicone 

side touching the mask. The chips were then exposed to near rubber gasket. The gasket and chips were secured by four 

UV irradiation with a 365 nm 500 W columnaled mercury steel binder clips. Buffer (26 mM Tris-HCl, pH 9.5, 6.5 mM 

lamp (45 mW/cm 2 , AB-M, San Jose, Calif.) for 1 .0 second. MgClJ was introduced via syringe through a 27-gauge 

After exposure, the exposed photoresist was removed by „ 5 needle. The gas interior was displaced through an open 

placing the slides into a solution of Microposit 350 devel- " needle while reagent was being injected with the syringe, 

oper (1:1 in H 2 0, Shipley, Marlborough, Mass.) for 30 Photolysis was performed using a high- pressure mercury 

seconds with agitation and then rinsed extensively with lamp with a light intensity of 16.0 mW/cm 2 centered at 365 

Milli-Q water and dried under argon. nm. At the end of the given process, the buffer was removed 

The slides were then exposed to an RF plasma 3Q via syringe. The chamber was disassembled and the chip 
(Plasmlinc421) 150 watts, 0.4 Torr, and 3.5 cc/min flow rate, ' was washed with acetonitrile, ethanol, then water and the 
lor 6.0 minutes to remove the ABS along with residual fluorescence detected using an Axon GenePix 4000 scanner, 
photoresist from the photolyzed regions. Next, the slides As shown in FIG. 10, the fluorescent signal in the photo- 
were silated with a 0.25% solution of (tridecafluoro-1,1,2, labile sites decreases over time relative to the non- 
2-tetrahydrooctyl)-l-trichlorosilane (United Chemical photolyzable sites. At or about 10 minutes, the signal 
Technologies, Bristol, Pa.) in anhydrous toluene (Aldrich) in " " decrease levels out and does not significantly lower over the 
an argon dry box for 10 minutes at room temperature and next 120 minutes. This experiment shows that compound 8 
then washed in anhydrous toluene with sonication for 15 couples to the surface through a linker and is a viable 
minutes. Finally, the photoresist covering the synthesis substrate for subsequent polynucleotide synthesis, 
regions was stripped by sonication in acetone (Aldrich) then 4Q EXAMPI E 5 
by washing io-NMP (Aldrich) for 60 minutes at 70" C. and fc R ^ 3se of M from the Surface and 
washed extensively .n M.lh-Q H = 0 to remove residual Sub ' uen , Hybridization of the Released Polvnucleo.ides 
photoresist. r „ " / , . , , , , - . c 
v Ilns experiment was designed to address the issue of 

EXAMPLE 4 photolytic release of in situ synthesized polynucleotides 
In situ Synthesis of Polynucleotides with a Cleavable Site 45 from the array surfaces and study their subsequent hybrid- 
All derealizations were performed in a chip reaction ization to complimentary, surface-bound polynucleotides, 
chamber. Briefly, two slides were placed with their patterned This study was designed to address the issue of photolysis 
surfaces facing one another. The gasket and chips were and subsequent motility and hybridization of the released 
secured by four steel binder clips. Reagents were introduced polynucleotides from a linker derivatized with amidite 8. 
via syringe through a 27-gauge needle. The gas interior was 50 A patterned, surface-tension array was prepared with 5x5 
displaced through an open 27-gauge needle while reagent derivatized sites as depicted below (25 derivatized sites per 
was being injected with the syringe. At the end of the given unit cell, 10 total unit cells/chip). In the sites containing the 
reaction, the reagent was removed via syringe using an open M F* sequence, amidite 8 had been coupled. All other sites 
27-gauge needle for venting. For this process, all washings had a noncleavable amidite (dT-CEP, Glen Research, 
between steps were done by first disassembling the reaction 55 Sterling, Va.) coupled to the site. The synthesis was per- 
chamber and then rinsing, each slide individually with the formed in a 3'-to-5' directions using commercially available 
given solvent. Excess solvent was removed from the surface reagents and house made robotics. The U F" polynucleotides 
by means of a nitrogen gas stream. Afresh gasket was used were then end-labeled with Cy 3-Phosphoramidite (Glen 
for each subsequent chamber assembly and deri vat ization Research, Sterling, Va.). Following depro lection of the poly- 
process. 60 nucleotide backbone and heterocycles, the chip was scanned 
Derivatized glass surfaces were patterned as follows: on an Axon GenePix4000. After the initial scan, the arrayed 
DMT-hcxa-ethyloxy-glycol-CED phosphoramidite (DMT- chips were assembled in a sandwich-like format with a 
HEG-CEP) was coupled to surface bound amines using a 1:1 microfabricated coverslip containing 10 wells (5x5x0.1 
solution of 0.1 M linker and 0.45 M 5-ethylthiotetrazole in mm) that line up over ihe 10 unit cells of in situ synthesized 
acetonitrile for 15 minutes with mixing. After two acetoni- 65 polynucleotides. Each microfabricated well contained, 
trile washes Ihe chips were treated with a 0.1 M solution of nominally, 2.5 ftL of 260 mM Tris-HCl, pH 9.5, 65 mM 
iodine in let ra hydro fu ran (THF)/pyridine/water for 1 minute MgCK, 20 mM KC1, 0.1% Triton X-100. The coverslip and 
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polynucleotide immobilized chip were conjoined by use of 
100 fit of a synthetic polymer (2xSelf-Seal, MJ Research, 
Watertown, Mass.) deposited on the perimeter of the assem- 
bly. At this time, the assembly was exposed to -200 J of 365 
nm light. Following chamber disassembly and washing, the 
chip was scanned again and the signal intensities recorded 
and charted in FIG. 11. As can be seen, polynucleotides were 
released from the intended sites and did form a duplex with 
its compliment in the designated sites ("R" polynucleotides). 
The signal in the noncleavable sites increased 10 fold over 
the pre-photolysis numbers. The fc C- n blank control was not 
hybridized to, as expected. It should be noted that the 
absolute fluorescence values were normalized to give a 
comparative representation. 

This experiment was also performed under the following 
conditions. Using the same substrates, the array surface was 
exposed to 365 nm light (measuring at 16.0 raW/cm 2 ) for 15 
minutes. Then, 30 /<L of SSC buffer, pH 8.2, 50 mM sodium 
bicarbonate, 0.8% Tween-20, was floated over the surface 
with the use of a microscope cover slip (Fisher Scientific). 
After 30 minutes, the coverslip was removed, the array 
washed with briefly with 150 mM aqueous sodium bicar- 
bonate solution, dried under a stream of argon, and scanned 
on an Axon GenePix4O00. The results mirrored those 
described above with the exception that the hybridization 
signal increased 30 fold over the pre-photolysis numbers. 



A 5 x 5 unit cell 

F 
F 
C- 
F 
F 



Abbreviations 



Probe 3'-5* Sequence (SEQ. ID. Nos: 3-5) 

F TTTTATCGGAGATTCGGGTTGAG 

R ctcaacccgaatctccgataaaa 

C- GATCCTACCGTGACTGACTTtACTGACTGA 



suitable coupling time, the uncoupled amidites were washed 
off of the surface by flooding with acetonitrile then removed 
by spinning the chip at 2000 rpm for several seconds. All 
other reagents were added to the surface by flooding the 
5 substrate and removed after suitable reaction times. The 
synthesis was done in a closed nitrogen saturated environ- 
ment with a unidirectional flow of protecting gas. The 
synthesis cycle is summarized in Table 1. 

30 TABLE 1 

Synthesis cycle for the production of a surface 
tension polynucleotide microarray. 



Step in Cycle 

ACN Wash 
*Spin 

ACN Wash 
Spin 

Deblock (3% TCA in DCM) 
Spin 

Deblock (3% TCA in DCM) 
Spin 

ACN Wash 
Spin 

2 Dry down 
Couple Amidites 
ACN Wash 
Spin 

Cap (CapA:CapB, 1:1) 

Spin 

Oxidize 

Spin 

Cap (CapA:CapB, 1:1) 
Spin 

Repeat cycle until the desired 
probes are produced 



20 



25 



Volume 


Time 


(mis) 


(seconds) 


4.2 


5 




5 


4.2 


5 




5 


3.5 


15 




5 


3.5 


15 




5 


4.2 


5 




5 




10 


2x 10"* 


120 


4.2 


5 




5 


4.5 


15 




5 


5.5 


15 




5 


4.5 


10 




5 



x Spin speed between successive washing steps was 2000 rpm. Washing 
and coupling steps were done at different locations on the chip synthesizer 
where there was a continuous unidirectional flow of nitrogen that was 
directed from the synthesis location towards the washing position. This 
kept the ancillary reagent vapors from interacting with the amidites. 
"A dry down was a step that was included prior to coupling to evaporate 
any residual ACN that may have been left on the hydrophilic regions of 
the array. This consisted of a high pressure nitrogen purge over the surface 
of the substrate. 



EXAMPLE 6 

In situ Synthesis of Probes for Sequence Variation or Gene 
Expression Detections 45 

Drop-on-demand polynucleotide synthesis was per- 
formed on a DNA microarray synthesizer using the follow- 
ing -reagents (all reagents were purchased from Glen 
Research, Sterling, Va., unless noted): phosphoramidites: 
pac-dA-CE phosphoramidite, Ac-dC-CE phosphoramidite, 50 
iPr-pac-dG-CE phosphoramidite, dT CE phosphoramidite 
(CUM); activator: 5-ethylthio tetrazole (0.45M). Amidites 
and activator solutions were premixed, 1:1 :v/v, in a 90% 
adiponitrile (Aid rich): 10% acetonitrile solution prior to 
synthesis. The following ancillary reagents were used: Oxi- 55 
dizer (0.1 M iodine in THF/pyridine/water), Cap mix A 
(THF/2,6-lutidine/acelic anhydride), Cap mix B (10% 
1-methylimidazole/THF), and 3% TCA in DCM. Parallel 
synthesis of individual polynucleotides was achieved by the 
addition of individual amidites to the hydrophillic regions of 60 
prepared surface tension arrays via custom designed piezo 
electric ink-jet devices (Micro fab Technologies, Piano, 
Tex.). The jets were run at 6.67 kHz using a two step wave 
form which fired individual droplets of approximately 50 
picoliters per drop. 65 

For the 1 mm diameter features approximately 400 drops 
were added to each feature per nucleotide addition. After a 



EXAMPLE 7 
Microfabrication of Wells on Arrays (coverslips) 

Borofloat glass rounds (100 mm diameter and 0.7 mm 
thick) were used to prepare the coverslips. Several coverslip 
designs were made according to FIG. 12 and according to 
the following procedure: 
Glass Cleaning and Patterning 

Apre-cleaning step was performed by soaking the wafers 
in peroxysulfuric acid followed by a rinse and drying. The 
wafers were dipped in 49% hydrofluoric acid for about 15 
seconds to roughen and clean the surface followed by 
rinsing and drying. The wafers were coated with a thin layer 
of amorphous silicon by chemical vapor deposition in a 
Tylan type oven at 525° C. at a thickness of 1500A. To 
remove any moisture, the wafers were singe baked in an 
oven for about 30 minutes at 150° C. The wafers were 
primed with a layer of HMDS (hexamethyldisilazane) at 
6000 RPM for 20 seconds before photo resist application. A 
viscous photo resist (Shipley SPR220-7) was used to coat 
the wafers and are spun at 3500 RPM for 30 seconds to a 
thickness of 7 um. The photo resist layer was pre-baked for 
about 200 seconds on a hot plate at 90° C. The wafers were 
then allowed to stand for about 3 hours prior to exposure. A 
UV aligner with a wavelength set at 350 nm with an 
exposing time of about 12 seconds was used for each wafer. 
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Due to the thickness of the photo resist, the wafers were 
allowed to stand for about 3 hours before developing. This 
helps improve critical line resolution of the exposed areas. 
The wafers were then dipped in developer solution (Shipley 
LOD26W) at leasi 3 times for about two minutes each time 
with a delonized water rinse after developing. A post-bake 
step wasperforned at 90° C. for one hour in an oven. 
Glass Etching 

The etching steps involve the pattern etching by removing 
the amorphous silicon layer and the actual glass etching. The 
pattern etching was accomplished by using a plasma etcher 
that uses sulfur hexafluoride and Freon 115 at a rate of 5.2 
and 0.5 cm 3 /s respectively. An etching time of 2 minutes was 
sufficient to remove the amorphous silicon. The wafers were 
etched in 49% hydrofluoric acid for an initial time of 8 
minutes. A water rinse and spin dry step followed and the 
wafers were placed back into the 49% hydrofluoric acid 
solution for the remaining time required to reach a final 
depth of 100 microns. The wafers were rinsed and dried. The 



10 



solvent. The coverslips were allowed to stand for at least two 
hours for the reaction to complete. The coverslips were 
sonicated with a 1:1 solution of acetonitrile and ethanol to 
remove any un-reacted acetic anhydride for about 15 min- 
utes. The coverslips were dried with nitrogen and were ready 
for use in the array assembly. 

EXAMPLE 8 

Polymorohisms, Alleles, and Phenotypes of the NAT2 Gene 
N-acetyltransferase 2 (NAT2) is a polymorphic 
N-acetylation enzyme that detoxifies hydrazine and ary- 
lamine drugs and is expressed in the liver. The NAT2 coding 
region spans 872 base pairs (Genbank Accession No. 
NM-000015). The PCR product is approximately 1276 base 
pairs. 

Polymorphisms in the NAT2 gene cause the fast and slow 
N-acetylation phenotypes implicated in the action and tox- 
icity of amine containing drugs. In addition, NAT2 acety- 



photo resist was removed using acetone and the remaining 20 lalion phenotype is associated with susceptibility to colorcc- 



amorphous silicon was removed with heated potassium 
hydroxide at about 70° C. The wafers were then riased and 
dried. To remove the potassium on the glass surface, the 
wafers were treated with about a 20% solution of hydro- 
chloric acid. A final peroxysulfuric acid treatment was 
performed to remove any residuals. The wafers were diced 
to a r'x2" sized coverslips. 
Chemical Derivatization of the Coverslips 

A multiple cleaning process was performed prior to the 
aminosilation and acetyl ation of the coverslips. The cover- 
slips were sonicated for about 10 minutes and water rinsed 
to remove any dust or glass particulates from the dicing 
process. To remove any dirt or oils on the glass surfaces, the 
coverslips were soaked with 10% weight to volume sodium 



tal and bladder cancers. Table 1 summarizes the seven 
common single nucleotide polymorphisms (SNPs) found in 
this gene (G191A, C282T, T341C, C481T, G590A, A803G, 
and G857A) and defines the nine most common alleles (*4 
25 being the wild type allele) along with their associated 
phenotypes and population frequencies. See Grant el al., 
Mutat. Res, 376:61-70 (1997) and Spielberg ct al.,/. Phar- 
macokint. Biopharm. 24:509-519 (1996). Each of the seven 
polymorphisms is a marker lor more than one NAT2 allele 
30 and each variant allele is defined by two or three SNP 
substitutions. NAT2 provides a clearly defined, low com- 
plexity model system for developing a hybridization based 
genotyping assay. Typically, homozygous or heterozygous 



genotypes are made at each polymorphic site before prob- 

hydroxide at 70° C. for 30 minutes. The coverslips were 35 able allele assignments can be made. In general, individuals 

water rinsed and soaked in peroxysulfuric acid treatment for who are homozygous for any combination of the slow 

about an hour. To free the Si-0 groups on the glass surface, acelylator alleles are slow acctylators, where rapid acelyla- 

the coverslips were placed in a plasma etcher with oxygen tors are homozygous or heterozygous for wild -type NAT2 

as the gas for 15 minutes al 70° C. The coverslips were allele. It has been suggested that slow acetylators may be at 

placed in a reaction kettle and 1 ml of 40 increased risk for developing bladder, larynx and hepato- 

3-aminopropyldimethylethoxy silane was added. The kettle cellular carcinomas, whereas rapid acelylator may be at risk 

was placed in an oven at 55° C. and left overnight to to develop colorectal cancer. The frequency of the slow 

complete the gas phase reaction. The coverslips were acetylator phenotype varies among ethnic groups and is 

removed from the kettle and were placed in an oven at 90° roughly 50%-60% in Caucasian populations. See Grant, D., 

C. for an hour to cure the surface. The coverslips were 45 et al, Mutation Research 376:61-70 (1997) and Lin, H., et 

sonicated in a 1:1 mixture of acetonitrile and ethanol for al, Pfiartnacogenetics 4:125-134 (1994). Polynucleotide 

about 15 minutes to remove any un-reacted reagent. array can be used to determine whether a target nucleic acid 

To complete the acetylation, the coverslips were reacted sequence has one or more nucleotides identical to or differ- 

with 25% (by volume) acetic anhydride with pyridine as the ent from a specific reference sequence. 



TABLE 2 

Polymorphisms, alleles, and phenotypes of the NAT2 gene 



Polymor. 



allele 


G191 A 


C2S2T 


T341C 


C483T 


G590A 


A803G 


G857A 


Phenotype 


Frequency 


"4 


G 


C 


T 


C 


G 


A 


G 


Rapid 


23.40 


-5A 


G 


c 


C 


T 


G 


A 


G 


Slow 


2.50 


-5B 


G 


c 


c 


T 


G 


G 


G 


Slow 


40.90 


-5C 


G 


c 


c 


C 


G 


G 


G 


Slow 


2.60 


-6A 


G 


T 


T 


C 


A 


A 


G 


Slow 


28.40 


-7B 


G 


T 


T 


C 


G 


A 


A 


Slow 


2.30 


•12A 


G 


C 


T 


C 


G 


G 


G 


Rapid 


0.10 


M4A 


A 


c 


T 


C 


G 


A 


G 


Slow 


rare 


M4B 


A 


T 


T 


C 


G 


A 


G 


Slow 


0.10 


Amino Acid Change 


R-Q 


None 


I -*T 


None 


R — Q 


K. - R 


G — E 
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EXAMPLE 9 mM KCI, 4 mM Na 2 HP0 4 , 1.5 mM NaH 2 P0 4 , 0.5% 

Performing, Large Numbers of PCR Reactions Using Array- Tween20, pH=7.2) for 15 minutes at RT. The first array was 

immobilized and Releaseable Primers and Detecting Ampli- then dipped briefly in 70% Elhanol/I-LO and air dried for 

fied Product by Hybridization 10-15 minutes and scanned (FIG. 16). 

In the current Example, G 1 91 A polymorphic site of the 5 FIG. 16 is an image of the top four PCR wells of the first 

NAT2 gene was determined using array assembly. A first arra y after PCR cycling, hybridization and wash. As before, 

arrav with 535 individual derivatized areas (500 urn the P nmcr f Slte * showed very high (gray) or sa^rating 

diameter, 1000 urn spacing) were prepared on a chip accord- mtensiUes (while) The positive : control probe for PCR (PCR 

ing to previous Examples Primers and probes are designed Positive arrow) showed very high or saturating intensities 

and organized as described in FIG. 13 (SEQ. ID. Nos. 6-13). 10 wh,le tb f T^T comro ^ 

~. & , . . . . remained close to noise intensity (black), fnis result dem- 

Thc complementary sequences tp the primers are immobi- onstfalcs ^ a pcR duc( was specifically gcneratcd 

hzed in the pnmer sites F and R, to capture respectively inside tfae amw assembly 

Reverse and Forward primers during. a pre-hybridization ^ Coding Probe 1-A(SNP Detected arrow) had higher 

step. Polynucleotide synthesis was carried out in the direc- mleasity , han the Coding Probe 2-G (refer to FIG. 13 for 

tion 3' to 5 ? (3* attached to the surface of the glass) according 15 exacl location). This result agrees with the DNA type 

to known procedures. (homozygote lype 1 -A) as determined by dideoxysequenc- 

A second array was microfabricated according to ing of the NAT2 PCR product. 

Example 7 (coverslip). A coverslip contains 10 unit cells (5 EXAMPLE 10 

mmx5 mm xlOO um depth). Each cell was designed to face „ cn . T , 

~ c . • . , . f. c . . J? ... f „ Comparison of Primers Introduced by Hybridization Versus 

25 derivatized sites on the first array upon juxtaposition of 20 _ * c . _ . . 0 . J J 

the two arravs Introduction of the Pnmers in Solution 

n u u a- c .u n ■ Four array assemblies were created as described in 

Pre-hybndization of the Pnmers _ . _ 3 . ... , . . c . 

Tvl! u.,u.-,r„ a irt ~i ccr n m Example 9 except for two assemblies where a 200 nM final 

Ine first array was hybridized in 30 ml ot (2xSSC, 0.1% 1 . / , ^ . ^ . , , , . . . , 

w j./n w v npn \ -.u o c c r> - i concentration of the Cyamne 3 labeled pnmers was added to 

Tween20, and 50 mM NaHCO,) with 2.5 nm of Cvanine 3 , * n . . , 

, . , . . ttrrf ~ n . , tU . ./ - n , „ the PCR mix. The PCR cycle, washes and scans were 

Labeled primers at RF for 30 minutes, then washed in 30 mis 25 r , , . J , . , ,. 

r ka \m kt Li/^r\ , nrr c ic • , u i ■ t i performed as previously desenbed and the results are sum- 

of 150 mM NaHC0 3 at RT for 15 minutes shaking slowly. * . . pip i 7 

The first array was then dipped briefly in 70% Ethanol/TLb manzedin the HO. 17. 

, . j • j xr-_ !n K ,„h™™h * ITic bars in FIG. 17 represent the average intensities 

ana air dried tor 10-15 minutes and scanned. . , . „ . . ™ r . . . . c _ 

The scanner generated picture on FIG. 14 shows the <"P ress ? in R „ d f auve ¥b f^ cm T Umts) collected from 

locations where the labeled primers have accumulated 30 ^scan for each feature of the polynucleotide-.mmob.lr/ed 

(bright round spots). The high intensity areas correspond an 2^ . . c , . , , . . 

exactly to the sites on the surface of the array where the Thc "f*" 0 ?' ? f £ ^p 615 hybndlzatK, . n . 8 ' ves 

, c .u .u • i comparable results to the PCRs with primers added in 

complementary sequences of the primers were synthesized . \. . , . _ . r . 

, r cir . i»x u, f .k* so ution suggesting that the efficiency of the formation ol 

(see FIG. 13). Ine maximum mtensity obtained for this h i 

hybridization corresponds to approximative^ 30 fmoles of 35 PCR P roduct 15 similar - 

primer hybridized per square millimeter. The level of fluo- EXAMPLE 11 

rescence delectable for the other synthesis sites was negli- Performing Large Numbers of PCR Reactions Using Array- 

giblc. immobilized and Releaseable Primers and Detecting Ampli- 

Preparation of Array Assembly fied Product by Allele Specific Extension 

A liquid polymer (100 ul of 2x Self-Seal, MJR) was 40 A DNA microarray with 535 individual derivatized areas 
deposited on the perimeter of the first chip and allowed to (500 um diameter, 1000 um spacing) were prepared accord- 
dry. Upon assembly and rehydration the liquid polymer ing previous Examples. In situ polynucleotide synthesis was 
created an efficient leakproof gasket that prevented exces- carried out in the direction 5' to 3' (5* attached to the surface 
sive evaporation during the temperature cycling of the glass) according to known procedures. In this manner 
Array Assembly 45 the 3' end of the probe is free to be elongated by the DNA 

The PCR mix (200 ul, 26mM Tris-HCl, pH 9.5, 6.5 mM polymerase upon hybridization of the amplified products. 

MgCL, 0.1% TritonX-100, 20 mM KCI, 200 mM dNTP's, Asecond microfabricated array was prepared according to 

0.5 U.ul Thermosequenas,) containing 0.1 ng/ul of DNA Example 7 that contains 1.0 unit cells (5 mmx5 mmxlOOum 

target (genomic DNA) was used. depth). Each cell was designed to face 25 derivatized sites 

The top edge of the first array was put in contact with the 50 on the DNA microarray upon juxtaposition of the two arrays, 

second array (coverslip) with a 45 to 60 degrees angle. The Primers and probes were designed and organized as 

PCR mix was loaded in the space created between the first described in FIG. 18 (SEQ. ID. Nos. 14-32). 

array and the coverslip. The first array was then gradually The preparation of the DN A microarray and application of 

lowered against the coverslip in a motion that prevents air the liquid polymer is done as described in Example 9. 

from being trapped inside the assembly (FIG. 15). 55 Reaction Assembly 

Temperature Cycling The PCR mix (200 ul, 26 mM Tris-HCl, pH 9.5, 6.5 mM 

The assembly was introduced into a commercially avail- MgCl 2 , 0.1%TrilonX-100, 20 mM KCl,200 mM dATP, 200 

able in-siru PCR instrument (MJResearch) and the following mM dGTP, 175 mM dCTP, 25 mM Cy3-dCTP, 175 mM 

temperature program was started: 2 min 86 Q C; 0.5 min 86° dTTP, 25 mM Cy3-<1UTP, 0.5 U.ul Thermosequenase, 200 

C. ;1.0 min 56.5° C: 30 times then 5 min 72° C, total cycle 60 nM of each primer) containing 0.1 ng/ul of DNA target 

time is 1.3 H. (genomic DNA A191G lype A homozygote) is used. 

After thc last cycle, the assembly is heated to 92° C. for Temperature Cycling 
2 minutes followed by a 25° C. step for 30 min to allow r ITie assembly is introduced into a commercially available 
denaturation and hybridization of the PCR product to the in-silu PCR instrument (MJR) and the following tempera- 
probes on the first array. 65 ture program is started: 2min 86° C; 0.5 min 86° C. ;1 .0 min 
The assembly was then opened, and the first array was 56.5° C: 30 times then 5 min 72° C, total cycle time is 1.3 
washed with 30 ml of Phosphate Buffer (100 mM NaCl, 3 H 
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After completion of the temperature program, the assem- 
bly was opened, and the DNA microarray was washed with 
a solution of lriethylamine:eihanol 1:1 for 15 minutes at 
room temperature, rinsed 3 times with water, dried with 
nitrogen and scanned. The results are summarized in FIG. 
19. 

The bars in FIG. 19 represent the average intensities 
(expressed in Relative Fluorescence Units) collected from 
the scan for each feature of the DNA microarray. 

The Negative Control (C-) intensity corresponds to the 
background level for this experiment and can be appropri- 
ately subtracted for more accurate results. The Probe Coding 
A (PC(n A) and Probe Non-Coding T (PN(n)T) have higher 
intensities than respectively the Probe Coding G (PC(n G) 
and Probe Non-Coding C (PN(n C) in accordance with the 
DNA type(homozygote type 1 -A) as determined by dideoxy- 
sequencing of the NAT-2 PCR product. 

This result shows that the PCR product can be efficiently 
detected and genotyped using simultaneous PCR, labeling 
and allele specific extension of the probes at the surface of 
an array. 

EXAMPLE 12 
Real-Time Quantitation of Amplification Product 

The fluorescent dye SYBR Green I binds to the minor 
groove of the DNA double helix. In solution, the unbound 
dye exhibits very little fluorescence, however, fluorescence 
is greatly enhanced upon DNA-binding. Since SYBR Green 
I dye is very stable (only 6% of the activity is lost during 30 
amplification cycles), it may be used to measure total DNA. 

At the beginning of amplification, the reaction mixture 
contains the denatured DNA, the primers, and the dye. The 
unbound dye molecules weakly fluoresce, producing a mini- 
mal background fluorescence signal which is subtracted 
during computer analysis. After annealing of the primers, a 
few dye molecules can bind to the double strand. DNA 
binding results in a dramatic increase of the SYBR Green I 
molecules to emit light upon excitation. 

During elongation, more and more dye molecules bind to 
the newly synthesized DNA. If the reaction is monitored 
continuously, an increase in fluorescence Is viewed in real- 
time. Upon denaturation of the DNA for the next heating 
cycle, the dye molecules are released and the fluorescence 
signal falls. 

Fluorescence measurement at the end of the elongation 
step of every PCR cycle is performed to monitor the 
increasing amount of amplified DNA. Together with a 
melting curve analysis performed subsequently to the PCR, 
the SYBR Green I format provides an excellent tool for 
specific product identification and quantification. 

EXEMPLE 13 

End-point Quantitation of PCR Product Using Array Assem- 
bly 

A 10 well coverslip (5 mmx5 mmxlOO um) was micro- 
fabricated as previously described. A "blank" DNA microar- 
ray (surface derivatized, but no DNA synthesis) was used as 
an inert counterpart for the array assembly. 
Reaction Assembly 

The PCR mix (200 ul, 26 mM Tris-HCl, pH 9.5, 6.5 mM 
MgCl 2 , 0. 1% TritonX-100, 20 mM KC1, 200 mM dATP, 200 
mM dGTP, 200 mM dCTP, 200 mM dTTP, 0.5 U.ul 
Thermosequenase, 200 nM of each primer) containing 0.1 
ng/ul of DNA target (or no DNA) and lx Sybr Green was 
used to prepare the array assembly as described in Example 
9. 

A picture was taken immediately following the assembly 
using an apparatus described in FIG. 20. The array assembly 
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seats on the stage under the CCD Camera. The excitation 
was generated by a 450W Xenon lamp and filtered using a 
485 nm +/-20 nm interference filler. The light was directed 
towards the surface of the assembly using two optical fibers 
5 with a linear shaped oulet to create an homogeneous epi- 
illumination of the array assembly. The intensity was 
approxymatively 1.5 uW/cm 2 . The fluorescence was col- 
lected using a 16-bit, 1024x1024 pixels, back- illuminated 
CCD camera through a 521 nm +/-20 nm interference filter 
iQ and a 50 mmx2.8 f lens. Acquisition time was set to 5 
secondes, the image generated was displayed on a computer 
screen for further analysis. 

Areas of interest were selected that matched the locations 
of the PCR wells and the intensities of the pixels comprising 
the area were averaged. 
15 Temperature Cycling 

The assembly is introduced into a commercially available 
in-situ PCR instrument (MJ Research) and the following 
temperature program was started: 2 min 86° C; 0.5 min 86° 
C. ;1.0 rain 56.5° C: 30 times then 5 min 72° C, total cycle 
20 time is 1.3 H 

After the completion of the temperature program, the 
array assembly was imaged as described earlier. The images 
were analyzed and the results are summarized in FIG. 21. 
The intensity of the fluorescence in the wells containing 
25 the template DNA after PCR was higher than before PCR 
and surpassed the intensity of the wells containing no 
template before or after PCR. This result shows that the 
formation of the double stranded PCR product can be 
monitored and quantitated during the PCR, simultaneously 
in all of the PCR wells. Accurate monitoring of the increas- 
ing amount of amplified DNA provides an excellent tool for 
gene expression analysis. 

EXAMPLE 14 
Allele Discrimination Using the 5' Nuclease Assay Using 

35 Array Assembly 

The 5 1 nuclease allele discrimination assay exploits the 
5'-3 ! nuclease activity of DNA polymerases to allow direct 
detection of the PCR product by the release of a fluorescent 
reporter as a result of PCR. Two probes are used, one probe 

40 for each allele in a two-allele system. Each probe consists of 
a polynucleotide with a 5'-reporter dye and a 3'-quencher 
dye. TET (6-carboxy-4,7^7'-tctrachlorofiuorescein) is 
attached to the 5' end of the probe for the detection of Allele 
1. FAM (6-carboxy fluorescein) is attached to the 5' end of 

45 the probe for the detection of Allele 2. Each of the reporters 
is quenched by TAMRA (6-carboxy-N,N,N',N*- 
tetramethylrhodamine) attached via a linker arm located at 
the 3' end of each probe. 
When the probe is intact, the proximity of the reporter dye 

50 to the quencher dye results in suppression of the reporter 
fluorescence. ITie probes hybridize to a target sequence 
within the PCR product. The DNA polymerase cleaves the 
probe with its 5'-3 ! nuclease activity. The reporter dye and 
quencher dye arc separated upon cleavage, resulting in 

55 increased fluorescence of the reporter. Both primer and 
probe must hybridize to their targets for amplification and 
cleavage to occur. 

r l Tie rate of cleavage of each of the allele specific probes 
depends directly on the rate of hybridization of the probes. 

60 Detection of the alleles .is done by measuring the increase 
of reporter fluorescence following PCR for each of the 
probes. The ratio of the intensities of fluorescence is usetl do 
determine the polymorphic type of the sample. 

2400 individual hydrophilic areas (250 um diameter, 500 

65 um spacing) arc prepared on a first array and the solid phase 
synthesis of the DNA polynucleotides is carried out in the 
direction 5' to 3' (3* attached to the surface of the glass). 
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All the synihesis sites are first derivatized with the pho- coverslip with a 45 to 60 degrees angle. The PCR mix is 

tocleavable linker to provide a mechanism for all primers loaded in the space created between the DNA microarray 

and probes to be released into their PCR well A second and the coverslip. The DNA chip is then gradually lowered 

micTofabricated array is prepared according to previous against the coverslip in a motion that prevent air from being 

Examples that contains 600 unit cells (1 ramxl mmxlOO um 5 tapped inside the assembly, 

depth), each cell is designed to face four hydrophilic sites on cleavage of the Primers and Probes 

the first array upon juxtaposition of the two arrays. d ^ H ^ fi 

Primers and probes are designed and organized as .... _ . /_ . s 

described in Table 3. mW/cm2 ' for 15 minutes ' 

Temperature Cycling 

TABLE 3 10 ^ e ■ssemMy is introduced into a commercially available 

in -situ PCR instrument (MJR) and the following tempera- 

Primer Probe t ure program is started: 2 mi n 86 C; 0.5 min 86 C. ; 1 .0 min 

I 0 ™"* T>? c 1 56.5 G: 30 limes then 5.min 72 C, total cycle lime is 1.3 H. 
Probe Pnmer 

Type 2 Reverse After the last cycle, the assembly is heated to 92 C for 2 

15 minutes followed by a 45 C. step for 30 min to allow 



AW . ., . ,. c ,^ xrA ,. denaturation and hybridization of the PCR product to the 

While the primers are unmodified DNA sequences ampli- . . 

fying the DNA region comprising the SNP site, allele probes on the DNA microarray. 

detection using 5' nuclease assays for real time quantitative After the completion of the temperature program, the 

PCR requires the two probes to be labeled with distinctly -, 0 assembly is imaged with the apparatus described in previous 

different reporter dyes at the 5* end and a quencher dye at Ihe " examples. Two images are taken and analyzed for each 

3' end of the sequence. The reporter dyes are TET and assembly using sets of filters compatible with TET and FAM 

6-FAM and the quencher is TAMRA for the 5 f and 3* labeling spectral properties. The pictures are analyzed and the inten- 

of the sequence. The TET, 6-FAM and TAMRA dyes are sity ratios of the light emitted by each of the dyes are used 

commercially available in their phosphoramidite form and 25 to determine the allele of the sample for each of the studied 

arc therefore conveniently directly coupled to the growing SNPs. 

polynucleotides during in situ synthesis. The above description is illustrative and not restrictive. 

Preparation of the DNA Microarray for Assembly Many variations of the invention will become apparent to 

After deprotection of the microarray 100 ul of liquid those of skill in the art upon review of this disclosure. These 

polymer (2x Self-Seal, MJR) is deposited on the perimeter 30 variations may be applied without departing from the scope 

of the DNA chip and allowed to dry. Upon assembly and of the invention. The scope of the invention should, 

rehydratation the liquid polymer will create an efficient therefore, be determined not with reference to the above 

leakproof gasket that prevents excessive evaporation during description, but instead should be determined with reference 

the temperature cycling to the appended claims along with their full scope of 

Reaction Assembly 35 equivalents. 

200 ul of the PCR mix (26 mM Tris-HCl, pH 9.5, 6.5 mM All publications, patents or web sites are herein incorpo- 

MgCl 2 , 0:1 %TrilonX- 1.00, 20 mM KC1, 200 mM dNTP's, rated by reference in their entirety to the same extent as if 

0.5 U Thermosequenase) containing 0.1 ng/ul of DNA target each individual publication patent or web site was specifi- 

(genomic DNA) is used to prepare the array PCR assembly. cally and individually indicated to be incorporated by ref- 

The top edge of the microarray is put in contact with the erence in its entirety 



SEQUENCE LISTING 



<160> NUMBER OF SEQ ID NOS : 32 

<210> SEQ ID NO 1 

<211> LENGTH: 17 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 1 

ctcaacccga atctccg 17 



<210> SEQ ID NO 2 

<211> LENGTH: 15 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 2 

geatgeatge atgea 15 



<210> SEQ ID NO 3 
<211> LENGTH: 23 
<212> TYPE: DNA 
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-continued 



<213> ORGANISM: Homo sapiens 



<400> SEQUENCE: 3 



ttttatcgga gattcgggtt gag 



23 



<210> SEQ ID NO 4 

<211> LENGTH: 23 

<212> TYPE: DNA 

<213> ORGANISM: Homo Bapiens 

<4 00> SEQUENCE: 4 

ctcaacccga atctccgata aaa 23 



<210> SEQ ID NO 5 

<211> LENGTH: 29 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 5 

gatgctaccg tgactgactg actgactga 29 



<210> SEQ ID NO 6 

<211> LENGTH : 23 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 6 

ctcaacccga atctccgata aaa 2 3 



<210> SEQ ID NO 7 

<211> LENGTH: 23 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 7 

cgggtcatgt cttcaactaa ctg 2 3 



<210> SEQ ID NO 8 

<211> LENGTH: 15 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 8 

ctttggaccc accca 15 



<210> SEQ ID NO 9 

<211> LENGTH: 13 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 9 

ctttgggccc acc 13 



<210> SEQ ID NO 10 

<211> LENGTH: 17 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 10 

tgggtgggtc caaagaa 17 



<210> SEQ ID NO 11 
<211> LENGTH: 17 
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-continued 



<212> TYPE: DNA 
<213> ORGANISM: Homo 



sapiens 



<400> SEQUENCE: 11 



tgggtgggcc caaagaa 



17 



<210> SEQ ID NO 12 

<211> LENGTH: 23 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4O0> SEQUENCE: 12 

ttttatcgga gattcgggtt gag 23 



<210> SEQ ID NO 13 

<211> LENGTH: 23 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 13 

ggagagagaa gacagttcgt ctt 23 



<210> SEQ ID NO 14 

<211> LENGTH: 23 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 14 

aaaatagcct ctaagcccaa etc 2 3 



<210> SEQ ID NO 15 

<211> LENGTH: 23 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 15 

gtcaatcaac ttctgtactg ggc 2 3 



<210> SEQ ID NO 16 

<211> LENGTH: 21 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 16 

tcacattgta agaagaaacc a 21 



<210> SEQ ID NO 17 

<211> LENGTH: 21 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 17 

tcacattgta agaagaaacc c 21 



<210> SEQ ID NO 18 

<211> LENGTH: 21 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 18 

tcacattgta agaagaaacc g 21 



<210> SEQ ID NO 19 
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-continued 



<211> LENGTH: 21 
<212> TYPE: DNA 
<213> ORGANISM: Homo sapienB 



<400> SEQUENCE: 19 



tcacattgta agaagaaacc t 



21 



<210> SEQ ID NO 20 

<211> LENGTH: 17 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 20 

gagacaccac ccaccca 17 



<210> SEQ ID NO 21 

<211> LENGTH: 17 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 21 

gagacaccac ccacccc 17 



<210> SEQ ID NO 22 

<211> LENGTH: 17 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 22 

gagacaccac ccacccg 17 



<210> SEQ ID NO 23 

<211> LENGTH: 17 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 23 

gagacaccac ccaccct 17 



<210> SEQ ID NO 24 

<211> LENGTH: 23 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 24 

tgatcacatt gtaagaagaa aca 23 



<210> SEQ ID NO 25 

c211> LENGTH: 23 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 00> SEQUENCE: 25 

tgatcacatt gtaagaagaa acc 23 



<210> SEQ ID NO 26 

<211> LENGTH: 23 

<212> TYPE': DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 26 



tgatcacatt gtaagaagaa acg 



23 



65 
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-continued 



<210> SEQ ID NO 27 

<2U> LENGTH : 23 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapie; 

<400> SEQUENCE: 27 

tgatcacatt gtaagaagaa act 



<210> SEQ ID NO 28 

<211> LENGTH: 17 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 28 

ggagacacca cccacca 



<210> SEQ ID NO 29 

<211> LENGTH: 17 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 29 

ggagacacca cccaccc 17 



<210> SEQ ID NO 30 

<211> LENGTH: 17 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 30 

ggagacacca cccaccg 17 



c210> SEQ ID NO 31 

<211> LENGTH: 17 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 31 

ggagacacca cccacct 17 



<210> SEQ ID NO 32 

<211> LENGTH: 20 

<212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 32 

actgactgac tgactgactg 20 



We claim: 

1. A method for performing a plurality of enzymatic 
amplification reactions, comprising the steps of: 

(a) obtaining a first solid support wherein at least two 55 
releasablc primers of each reaction are confined to 
areas on the surface of said first solid support; 

(b) obtaining a second solid support with a plurality of 
wells providing separation of said plurality of reac- 6Q 
tions; 

(c) assembling said first and second solid support; 

(d) filling said wells with reactants of said reactions; 

(e) releasing said releasablc polynucleotides into solution 

in each well; and 55 

(f) performing said plurality of amplification reactions in 
parallel. 



2. The method according to claim 1 wherein said reactants 
in step (d) comprise a DNA polymerase, a target nucleic 
acid, and deoxynucleotides. 

3. A method for performing a plurality of polynucleotide 
amplification reactions, comprising the steps of: 

(a) obtaining first solid support wherein a plurality of 
immobilized moieties are confined to a plurality of 
areas on the surface of said first solid support and each 
said immobilized moiety contains a releasablc site and 
a primer; 

(b) obtaining a second solid support wherein the surface 
of said second solid support contains a plurality of 
areas and reactants of said polynucleotide amplification 
reactions are confined on each area of said second solid 
support; 
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(c) assembling said first and second solid supports, 
wherein said reactants of said polynucleotide amplifi- 
cation reactions on said second solid support are in 
contact with said immobilized moieties on said first 
solid support; and 

(d) releasing said primers; 

(e) performing said plurality of polynucleotide amplifi- 
cation reactions. 

4. A method for performing a plurality of polynucleotide 
amplification reactions and capturing amplification 
products, comprising the steps of: 

(a) obtaining a first solid support wherein a plurality of 
immobilized moieties are confined to a plurality of 
areas on the surface of said first solid support and each ^ 
said immobilized moiety contains a re leasable site and 

a primer; 

(b) obtaining a second solid support wherein the surface 
of said second solid support contains a plurality of 
areas and reactants of said polynucleotide amplification 2 o 
reactions are confined on each area of said second solid 
support; 

(c) assembling said first and second solid supports, 
wherein said reactants of said polynucleotide amplifi- 
cation reactions on said second solid support are in 
contact with said immobilized moieties on said first 
solid support; 

(d) releasing said primers; 

(e) generating amplification products of said polynucle- 
otide amplification reactions; and 

(f) capturing said amplified products by a plurality of 
immobilized polynucleotide probes on either said first 
or second solid support through hybridization. 

5. A method for detecting a plurality of polynucleotide 35 
sequence variations, comprising the steps of: 

(a) obtaining a first solid support wherein a plurality of 
immobilized moieties are confined to a plurality of 
areas on the surface of said first solid support and each 
said immobilized moiety contains a releasable site and 40 
a primer; 

(b) obtaining a second solid support wherein the surface 
of said second solid support contains a plurality of 
areas and reactants of said polynucleotide amplification 
reactions are confined on each area of said second solid 45 
support; 

(c) assembling said first and second solid support, 
wherein said reactants of said polynucleotide amplifi- 
cation reactions on said second solid support arc in 
contact with said immobilized moieties on said first 50 
solid support; 

(d) releasing said primers; 

(e) generating amplification products of said polynucle- 
otide amplification reactions; 55 

(f) capturing said amplified products by a plurality .of 
immobilized polynucleotide probes on either said first 
or second array through hybridization; and 

(g) detecting polynucleotide sequence variations by 
hybridization complexes in step (f). go 

6. A method lor quantitating polynucleotides in a target 
nucleic acid, comprising the steps of: 

(a) obtaining a first solid support wherein a plurality of 
immobilized moieties are confined to a plurality of 
finite areas on the surface of said first solid support and 65 
each said immobilized moiety contains a releasable site 
and a primer; 



(b) obtaining a second solid support wherein the surface 
of said second solid support contains a plurality of 
areas and reactants of said polynucleotide amplification 
reactions are confined on each area of said second solid 
support; 

(c) assembling said first and second solid support, 
wherein said reactants of said polynucleotide amplifi- 
cation reactions on said second solid support arc in 
contact with said immobilized moieties on said first 
solid support; 

(d) releasing said primers; 

(e) generating amplification products of said polynucle- 
otide amplification reactions; and 

(f) quantitating amplified products. 

7. A method for detecting polynucleotide sequence varia- 
tions in a target nucleic acid, comprising the steps of: 

(a) obtaining a first solid support wherein a plurality of 
immobilized moieties are confined to a plurality of 
areas on the surface of said first solid support and each 
said immobilized moiety contains a releasable site and 
a primer; 

(b) obtaining a second solid support wherein the surface 
of said second solid support contains a plurality of 
areas and reactants of said polynucleotide amplification 
reactions are confined on each areas of said second 
solid support; 

(c) assembling said first and second solid supports, 
wherein said reactants of said polynucleotide amplifi- 
cation reactions on said second solid support are in 
contact with said immobilized moieties on said first 
solid support; 

(d) releasing said primers; 

(e) generating amplification products of said polynucle- 
otide amplification reactions; and 

(f) capturing said amplified products by a plurality of 
immobilized polynucleotide probes on either first or 
second array though hybridization; and 

(g) detecting polynucleotide sequence variations by a 
polynucleotide modifying enzyme. 

8. A method for amplifying a target nucleic acid, capturing 
the amplified product, and detecting a polynucleotide 
sequence variation in the amplified product, comprising the 
steps of: 

(a) obtaining a first solid support wherein: 

(1) the surface of said first solid support comprises a 
first, second, third, and fourth areas; 

(2) a first chemical moiety, comprising a releasable 
forward primer for said target nucleic acid, is immo- 
bilized on said first area; 

(3) a second chemical moiety, comprising a releasable 
reverse primer for said target nucleic acid, is immo- 
bilized on said second area; 

(4) a first polynucleotide probe, comprising a subse- 
quence complementary to one variant of said poly- 
nucleotide variation, is immobilized on said third 
area said subsequence containing at least one inter- 
rogation position complementary to a corresponding 
nucleotide in said variant; and 

(5) a second polynucleotide probe is immobilized to 
said fourth area, said second polynucleotide probe 
differing from said first polynucleotide probe by at 
least one nucleotide; 

(b) obtaining a second solid support wherein the surface 
of said solid support comprises a reaction well and a 
mixture of reacts comprising a DNA polymerase, said 
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targe! nucleic acid, and deoxynucleotides are placed (h) washing said first solid support; and 

within said reaction well; (i ) identifying said polynucleotide variation using said 

(c) assembling said first and second solid support, one or more extended products in step (g). 
wherein said mixture of reactants are in contact with 10. The method according to any one of the claims 1-2 
said first, second, third, and fourth areas on said first * and 3_ 9 wherein said areas on the sur f ace Q f said first solid 
solid support; support are hydrophilic areas. 

(d) releasing said releasable forward and reverse primers; 11. The method according to any one of the claims 1-2 

(e) generating the amplified product for said target nucleic and 3-9 wherein the density of areas on said first solid 
acid; JQ support is between about 10 to 10,000 per cm 2 . 

(0 capturing the amplified product by said first or second 12. The method according to any one of the claims 1-2 

polynucleotide probe through hybridization; and 3-9 wherein the size of each said area on said first solid 

(g) washing said first solid support; su PP or! » between about 10" 3 to 5 mm 2 . 

(h) comparing the relative binding of two probes on said 13 ^ method accordin S t0 an V one of the claims l ~ 2 
first solid support; and ^ and wherein the number of areas on said first solid 

r\ -j* ■ - 1 i i, ! • • .u i- support is between about 10 to 500,000. 

(i) identifying said polynucleotide variation in the amph- V/ ^ • . 1 n 
fied product method according to any one of the claims 3-9 

9. A method for amplifying a target nucleic acid, capturing wherein aid ^mobilized moieties are prepared by in situ 

the amplified product, and detecting a polynucleotide synthesis. 

sequence variation in the amplified product, comprising the 20 15 Thc mclhocl according to any one of the claims 3-9 

steps of: wherein said immobilized moieties are prepared by spotting. 

(a) obtaining a first solid support wherein: 16 ' 11ie method a ^rding to any one of the claims 3-9 

(1) the surface of said first arrav comprises a first, wherein said immobilized moieties arc prepared using an 
second, third, and fourth areas;' in k-jel printing like device. 

(2) a first chemical moiety, comprising a releasable & 17 '• ^ method according to any one of the claims 3-9 
forward primer specific for said region of said target wherein each of said plurality of areas on said second solid 
nucleic acid, is immobilized on said first area; support is a reaction well. 

(3) a second chemical moiety, comprising a releasable 18. '1 ne method according to any one of the claims 3-9 
reverse primer specific for said region of said target 3Q wherein said immobilized moiety on each area of said first 
nucleic acid, is immobilized on said second area; * solid support in step (a) is a hybridization complex between 

(4) a first polynucleotide probe, comprising a subse- an immobilized polynucleotide hybridized with a releasable 
quence complementary to one variant of said poly- primer for said polynucleotide amplification reactions, 
nucleotide variation, is immobilized on said third 19. The method according to any one of the claims 3-9 
area, said subsequence containing at least one inter- 35 wherein said immobilized moiety on each area of said first 
rogation position complementary to a corresponding sup port in step (a) comprises a cleavable site and a 
nucleotide in said variant; and releasable primer. 

(5) a second polynucleotide probe is immobilized to 20. The method according to any one of the claims 3-9 
said fourth area, said second probe differing from wherein said immobilized moiety on each area of said first 
said first probe by at least one nucleotide; 4Q solid support in step (a) comprises a cleavable site and a 

(b) obtaining a second solid support wherein the surface releasable primer for said polynucleotide amplification reac- 
of said solid support comprises a reaction well and a tions and said cleavable site is cleavable by photolysis, 
mixture of reactants comprising a DNA polymerase, 21. The method according to any one of the claims 3-9 
said target nucleic acid, and deoxynucleotides are wherein said immobilized moiety on each area of said first 
placed within said reaction well; 45 solid support comprises a cleavable site and a releasable 

(c) assembling said first and second solid support, primer for said polynucleotide amplification reactions and 
wherein said mixture of reactants are in contact with sa ^ cleavable site comprises an o-nitrobenzyl linker. 

said first, second, third, and fourth areas on said first 22. The method according to any one of the claims 1-2 

solid support; and 3-9 wherein said first or second solid support is glass. 

(d) releasing said releasable forward and reverse primers; 50 23- The method according to claim 1 wherein said releas- 
/x . , ? , . able primers are released .by photolysis in step (e). 

(e) generating .he amplified product for said target nucleic 24 ^ mclhod £ dain? , whetcin ^ rclcas . 

1 1 able primers are released by strand separation in step (e). 

(f) capturing the amplified product by said first or second 25. The method according to claim 1 wherein said releas- 
polynucleotide probes through hybridization; 55 ab i e pr imers are released by enzymatic reaction in step (e). 

(g) extending said one or more hybridization complexes 

in step (f); * * * * * 



